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ERRATUM 
The fol lowing corrections are hereby made in the paper by J. G. Cris-
wel l and R. M. Shibles (1972), "Influence of sink-source on flag-leaf net 
photosynthesis in oats," Iowa State Journal of Science, 46: 405-415. 
The first symbol in the legend of Figure 1 should be a sol id circle 
instead of an open circle. The figure legend should read as fol lows: 
Figure 1. Net photosynthetic rates of oat flag leaves of varieties 
Burnett (A and B, top) and Richland (C and D, bottom), plotted 
as a function of time. Each point represents an individual meas-
urement on four flag-leaf midportions. Days 1 and 32 correspond 
to June 11 and July 12, 1969; the black bar indicates the dates 
treatments 2, 3 and 4 were appl ied. •, x, o, ~, and ~ indicate 
control and treatments 2-5 respectively. 
Robert Earle Buchanan, Professor and Dean Emeritus, Iowa State 
University. His editorship and other assistance are insepara-
ble from the success of the Iowa State Journal of Science. In 
acknowledgement of his service, the first issue of the Iowa 
State Journal of Research is dedicated to Dr. Buchanan. 
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NEW SPECIES OF LOPIDEA UHLER FROM MEXICO AND THE WESTERN 
UNITED STATES (HEMIPTERA, MIRIDAE) 
Harry H. Knightl and Joseph C. Schaffner2
ABSTRACT. Descriptions of new species of Lopidea include L, denmani from 
Colorado and New Mexico; L, tolteci, L, parvula, L, indigena, L, zapoteci,
L, mixteca, and L, jaurezi from Oaxaca, Mexico; L, jalpani and L, matamo-
rensis from Queretaro, Mexico; L, deserting and L, gemina from San Luis 
Potosi, Mexico, The holotypes wi l l be deposited in the U.S. National 
Museum. 
Lopidea denmani new species (Fig, 1) 
Al l ied to bispinosa Kngt „ but differs in the more bristle-l ike hairs 
on disk of pronotum; distinguished by structure of the male genital seg-
ment and form of the claspers (Fig. 1). 
Male: Length 6,80 mm, width 2.37 mm, Head: width 1.16 mm, vertex 
0.66 mm; vertex, caring, margins bordering eyes, with short erect or semi-
erect black bristles; fuscous to black, juga, median area of frons, area 
bordering eye, and genal area, reddish-orange, Antennae: segment I, 
length 0.66 mm; I I, 2.28 mm, cyl indrical , thickness not equal to segment 
I ; I I I , 1.52 mm; IV, 0,52 mm; al l segments black. Rostrum, length 1.86 
mm, reaching or barely surpassing posterior margins of middle coxae, fus-
cous to black, Pronotum: length 1.06 mm, width at base 1.76 mm; cal l i 
convex, inner margins clearly impressed, fuscous with black dots; pronotal 
disc and hemelytra red, clavus and inner half of corium reddish fuscous, 
membrane fuscous; scutel lum dark fuscous; pronotal disk, scutellum, and 
corium with short, sparse, black, semi-erect hairs. Venter of thorax and 
legs, fuscous; abdominal segments red with fuscous markings; genital seg-
ment fuscous to black; genital segment and right clasper distinctive of 
the species (Fig, 1). 
Female: Length 6,68 mm, width 2.40 mm. Head: width 1,18 mm, vertex 
0.72 mm, Antennae: segment I, length 0.68 mm; l i , 2.20 mm; I I I , 1.44 mm; 
IV, 0.58 mm; black, Rostrum: length 2.00 mm. Pronotum: length 1.18 mm, 
width at base 1.88 mm, Coloration and bristles on dorsal surface very sim-
ilar to those of the male. 
Holotype: d , August 22, 1968, Elk Creek Recreation Area, Conejos Co „ 
Colorado (J, C. Schaffner). Al lotype: ~ taken with holotype, Paratypes:
32 d 33~ , taken with holotype; 1~ August 20, 1969, 5 mi north of Wolf 
Creek Pass, Mineral Co „ Colorado, (J. C, Schaffner); ld , August 8, 1969, 
5 mi east of Eagle's Nest, Colfax Co „ New Mexico (J. C. Schaffner). 
We take pleasure in naming this species after Mr, Tom E. Denman, an 
outstanding Texas horticulturist and personal friend of the junior author, 
The specimens were taken from several species of plants. 
1 Professor of Entomology, Department of Zoology and Entomology, Iowa State 
University of Science and Technology, Ames, Iowa 50010. 
2Associate Professor of Entomology, Department of Entomology, Texas A&M 
University, College Station, Texas 77843, 
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Lopidea tolteci new species (Fig. 2) 
About the size and color of lepidi i Knight but distinguished by struc-
ture of the male genital segment and claspers (Fig, 2). 
Male: Length 5.60 mm, width 1.82 mm. Head: width 1.08 mm, vertex 
0.60 mm; carina, margins bordering eye, with semi-erect, medium-sized 
bristles; reddish orange; clypeus, frons, carina, middorsal area of vertex, 
fuscous to black; frons faintly l ined. Antennae: segment I , length 0.48 
mm; I I , 1.72 mm, cyl indrical slender; I I I , 1.30 mm; IV, 0.52 mm; al l seg-
ments black. Rostrum: length 1.50 mm, reaching middle coxae, fuscous to 
black. Pronotum: length 1.00 mm, width at base 1.56 mm; call i convex, 
inner margin clearly impressed, reddish fuscous with darker spots; remain-
der of pronotum bright red, with medium-sized, semi-erect black hairs. 
Scutellum: reddish fuscous, hairs similar to those of pronotum. Hemelytra: 
corium bright red with part of clavus and inner half of corium reddish fus-
cous; sparsely set with semi-erect dark hairs intermixed with appressed, 
fine, l ight pubescence; membrane fuscous. Underside of thorax, coxae, and 
femora l ight fuscous; tibiae black; venter of abdomen red; genital segment 
reddish fuscous; form of genital segment and right clasper distinctive of 
the species (Fig. 2). 
Female: Length 5.50 mm, width 1.98 mm. Head: width 1.10 mm, vertex 
0.64 mm. Antennae: segment I , length 0.50 mm; I I , 1.66 mm; I I I , 1.22 mm; 
IV, 0.48 mm. Rostrum: length 1.50 mm. Pronotum: length 1.00 mm, width 
at base 1.60 mm; cal l i somewhat orange. Coloration and vestiture on dor-
sal surface very similar to the male, 
A single male paratype taken from Tapantepec, Oaxaca, differed sig-
nificantly in color from the other specimens available for study. The 
anterior two-fifths of the pronotum, including the call i , are yellow, The 
l ighter areas of the head, pleural areas of thorax, coxae, femora, and mid-
ventral area of abdomen tend to be yel low to fuscous rather than reddish 
to fuscous, The specimen does not appear to be overly teneral. This spe-
cies is named after the Indians who moved through the area. 
Holotype: d July 11, 1971, 35 mi southwest of Cintalapa, Chiapas, 
Mexico (Clark, Murray, Hart, Schaffner). Allotype: ~ taken with holo-
type. Paratypes: 11d 14 ~ , taken with holotype; 1 d , July 11, 1971, 2.6 
mi east of Tapanatepec, Oaxaca, Mexico (Clark, Murray, Hart, Schaffner). 
Lopidea jalpani new species (Fig. 3) 
Al l ied to setosa Knight and Schaffner by long and prominent bristles 
on the head; distinguished by structure of the male genital segment and 
form of the claspers (Fig. 3). 
Male: Length 6,40 mm, width 1.96 mm. Head: width 1,08 mm, vertex 
0.58 mm; vertex, carina, margins bordering eyes, and frons with long erect 
and semi-erect bristles, pale orange; clypeus, frons, carina, and middorsal 
area of vertex, dark fuscous; frons barely l ined. Antennae: segment I , 
length 0.56 mm; I I , 2.36 mm, cyl indrical , thickness not equal to segment I ; 
I I I , 1.48 mm; IV, 0.46 mm, all segments black. Rostrum: length 1.76 mm, 
dark fuscous to black, barely reaching hind coxae. Pronotum: length 1.06 
mm, width at base 1,54 mm; cal l i convex, margin l ines on inner half sharply 
impressed, fuscous with darker spots; disk and margins with erect black 
hairs. Color of pronotum and hemelytra orange; Scutel lum, clavus, and in-
ner half of corium orange fuscous; membrane fuscous. Hemelytra and Scutel-
lum bearing dark, erect and semi-erect hairs, sparsely interspersed with 
short appressed hairs l ight in color. Venter ranging from red to fuscous; 
genital segment and right clasper distinctive of the species (Fig, 3). 
Female: Length 6.08 mm, width 2.12 mm. Head: width 1.16 mm, vertex 
0.66 mm. Antennae: segment I , length 0.74 mm; I I , 2,23 mm; I I I , 1.40 mm; 
IV, 0.50 mm; black. Rostrum: length 1.94 mm. Pronotum: length 1.10 mm, 
width at base 1.70 mm. Coloration and hairs on dorsal surface very simi lar 
to those of the male. 
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Holotype: d July 23-24, 1970, 14 mi east of Landa de Matamoros, 
Queretaro, Mexico (Murray, Phelps, Hart, Schaffner). Allotype: ~ taken 
with the holotype. Paratypes: 17 d 7 ~ taken with the holotype. These 
specimens were col lected from an unidentified leguminous shrub. 
Lopidea parvula new species (Fig, 4) 
Distinguished by the small size, structure of the male genital seg-
ment, and form of the claspers (Fig, 4), 
Male: Length 4.20 mm, width 1.40 mm. Head: width 0.90 mm, vertex 
0.44 mm; Carina and margins bordering eyes, with erect or semi-erect bris-
tles; pale reddish; Carina, clypeus, portions of vertex, and frons fuscous; 
frons faintly l ined, Antennae: segment I , length 0.40 mm; I I , 1,40 mm, 
cyl indrical , thickness not equal to segment I ; I I I , 0.90 mm; IV, 0.34 mm, 
al l segments black. Rostrum: length 1.24 mm, reaching posterior coxae, 
fuscous to black. Pronotum: length 0,78 mm, width at base 1.22 mm; cal l i 
convex, margins sharply impressed, spotted with darker red coloration; dull 
red to reddish fuscous with scattered, l ight, inconspicuous decl inate hairs. 
Hemelytra and scutel lum with scattered l ight decl inate hairs. scutellum 
reddish fuscous; hemelytra with clavus and medial half of corium fuscous, 
remainder of corium dul l red; membrane fuscous. Venter and legs general ly 
reddish fuscous to fuscous; coxae and pleural areas of thorax, yel lowish 
fuscous; genital segment and right clasper characteristic of the species 
(Fig, 4), 
Female: Length 4.10 mm, width 1.40 mm, Head: width 0.84 mm, vertex 
0.50 mm, Antennae: segment I , length 0.38 mm, I I , 1.32 rani; I I I, 0.84 mm; 
iV, 0,36 mm, Rostrum: length 1.30 mm. Pronotum: length 0.72 mm, width 
at base 1.26 mm. Coloration and hairs on dorsal surface very similar to 
those of the male. 
Holotype: d July 13, 1971, 32.8 mi northwest Jalapa del Marques, 
Oaxaca, Mexico (Clark, Murray, Hart, Schaffner). Allotype: ~ taken with 
holotype. Paratypes: 44 d, 34 ~ taken with holotype; 4 d , July 13, 1971, 
2.7 mi northwest of El Camaron, Oaxaca, Mexico, taken at l ight (Clark, Mur-
ray, Hart, Schaffner). 
Lopidea indigena new species (Fig. 5) 
Distinguished from related forms by the long, slender, and unbranched 
right genital clasper (Fig. 5), 
Male: Length 5.72 mm, width 1.78 mm. Head: width 1.12 mm, vertex 
0.56 mm; vertex, Carina, margins bordering eyes, and frons with semi-erect 
bristles; reddish to pale orange; clypeus, vertex, cariria, fuscous to 
black; frons dark fuscous but paler medial ly. Antennae: segment I , length 
0.54 mm; I I , 1.94 mm, cyl indrical, thickness not equal to Bement I ; I I I , 
1.46 mm; IV, 0.42 mm; all segments black. Rostrum: length 1.98 mm, 
reaching hind coxae, fuscous to black. Pronotum: length 1,10 mm, width 
at base 1.52 mm; cal l i convex, margin l ines on inner half sharply impressed, 
fuscous with darker spots; anterior margin elevated above pronotal collar; 
pronotum and scutellum with semi-erect bristles. Corium with scattered, 
semi-erect to decl inate hairs sparsely interspersed with short appressed 
hairs. Lateral areas of pronotum and hemelytra red; medial area of prono-
tum, scutel lum, clavus, and inner half of corium sl ightly fuscous; membrane 
dark fuscous. Underside of prothorax and legs l ight to dark fuscous, venter 
of abdomen red with some fuscous areas; genital segment and right clasper 
distinctive of the species (Fig. 5). 
Female: Length 6,12 mm, width 2.04 mm, Head: width 1.18 mm, vertex 
0.64 mm. Antennae: segment I , length 0.56 mm; I I , 2.02 mm; I I I , 1.44 mm; 
IV, 0,48 mm; black. Rostrum: length 2,04 mm. Pronotum: length 1.22 mm, 
width at base 1.74 mm. Lateral areas of pronotum reddish orange; medial 
areas of pronotum, scutel lum, corium, and membrane dark fuscous; vestiture 
similar to that of male. 
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Holotype: d July 13, 1971, 32.8 mi northwest of Jalapa del Marques, 
Oaxaca, Mexico (Clark, Murray, Hart, Schaffner). Allotype: ~ taken with 
holotype. Paratype: d taken with holotype. 
Lopidea zapoteci new species (Fig. 6) 
A large, deep-red species with two types of pubescence: black hairs 
on pronotum and appressed, sericeous pubescence on hemelytra; structure of 
male genital segment and claspers distinctive of the species (Fig. 6). 
Male: Length 6.68 mm, width 2.36 mm. Head: width 1.20 mm, vertex 
0.62 mm; Carina, margins bordering eyes, and frons with erect and semi-
erect bristles; pale yel low and reddish yellow; clypeus, portions of frons 
and vertex, fuscous to black. Antennae: segment I , length 0.68 mm; I I, 
2.20 mm, cyl indrical , thickness not equal to segment I ; I I I , 1.50 mm; IV, 
0.44 mm; al l segments black. Rostrum: length 2.38 ~~ almost reaching 
posterior margin of hind coxae, fuscous to black. Pronotum: length 1.30 
mm, width at base 1.78 mm; cal l i convex, margin l ines on inner half sharply 
impressed, fuscous with darker spots; anterior margin sharply elevated; 
disk and margins with semi-erect bristles. Color of pronotum, scutellum, 
and hemelytra red; margins of commissure sl ightly fuscous, membrane dark 
fuscous. Corium and scutellum bearing semi-erect and decl inate hairs. 
Venter reddish; genital segment, coxae, trochanters, and femora reddish 
orange; tibiae fuscous to black; genital segment and right clasper dis-
tinctive of the species (Fig. 6). 
Female: Length 7.30 mm, width 2.56 mm. Head: width 1.24 mm, vertex 
0.64 mm. Antennae: segment I , length 0.66 mm; I I , 2.26 mm; I I I , 1.70 mm; 
IV, 0.52 mm; black. Rostrum: length 2.38 mm. Pronotum: length 1.36 mm, 
width at base 1.94 mm. Corium sl ightly more fuscous than male, otherwise 
coloration and bristles on dorsal surface very similar. 
The species is named after the Indians who inhabited the area. 
Holotype: d July 13, 1971, 32.8 mi northwest of Jalapa del Marques, 
Oaxaca, Mexico (Clark, Murray, Hart, Schaffner). Al lotype: ~ taken with 
holotype. Paratypes: 2 d 2~ taken with holotype, 1~ July 14, 1971, 
2.7 mi northwest of E1 Camaron, Oaxaca, Mexico (Clark, Murray, Hart, 
Schaffner). 
Lopidea matamorensis new species (Fig. 7) 
Al l ied to texana Knight but hemelytra shaded with fuscous; distin-
guished by structure of the genital segment and the claspers (Fig. 7). 
Male: Length 7.3 mm, width 2.6 mm. Head: width 1.28 mm, vertex 0.63 
mm; dark fuscous; juga and bordering eyes in front, pale to yel lowish. 
Antennae: segment I , length 0.59 mm; I I , 2.25 mm, cyl indrical, not equal 
to thickness of segment I, black, clothed with suberect black hairs; I I I , 
1.04 mm, slender, black; IV, 0.87 mm, black. Rostrum: length 1.$ mm, 
reaching to apex of middle coxae, black. Pronotum: length 1.35 mm, width 
at base 1.94 mm, basal angles set 0.52 mm anterior to basal margin; call i 
convex, marked with numerous black dots, disk red. scutel lum strongly 
convex, fuscous. Hemelytra deep red, corium and apical half of clavus 
shaded with fuscous, membrane and veins black. Dorsal surface sparsely 
clothed with recumbent and appressed, brownish to black simple pubescence. 
Ventral surface reddish, sternum and genital segment fuscous to black. 
Genital segment and claspers distinctive of the species (Fig. 7). 
Female: Length 3.8 mm, width 2.7 mm. Head: width 1.26 mm, vertex 
0.68 mm, black; juga reddish brown; frons bordering eye and extending to 
vertex, pale to yellowish. Rostrum: length 1.8 mm, reaching to middle 
of intermediate coxae, black. Antennae: segment I, length 0.56 mm; I I, 
2.11 mm, cyl indrical , thickness about two-thirds that of segment I , thickly 
clothed with suberect black bristles; I I I , 1.12 mm, slender; IV, 0.45 mm, 
slender, all segments black. Form more robust than the male but very simi-
lar in color and pubescence. 
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Figures 1 to 6. Male genital claspers for species of Lopidea.
c, right clasper, posterior aspect 
t.p, tergal process 
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Holotype: d July 23-24, 1970, 14 mi east of Lands de Matamoros, 
Queretaro, Mexico (Murray, Hart, Phelps, Scharfner), Al lotype: ~ taken 
with the holotype, Paratypes: 6 d, 17 ~ , taken with the holotype. 
Lopidea mixteca new species (Fig. 8) 
Distinguished by structure of the male genital segment and form of 
the long and unbranched right clasper (Fig, 8). 
Male: Length 5,46 mm, width 2.06 mm, Head: width 1.08 mm, vertex 
0.60 mm; vertex, Carina, margins bordering eyes, and frons with erect and 
semi-erect bristles; pale yellowish red; clypeus, Carina, and part of ver-
tex l ight fuscous; frons faintly l ined. Antennae: segment I, length 0,52 
mm; I I , 1,74 mm, cyl indrical , thickness not equal to segment I ; I I I, 1.26 
mm; IV, 0,42 mm; al l segments black, Rostrum: length 1.76 mm, reaching 
trochanters of hind legs; fuscous to black, Pronotum: length 1,12 mm; 
width at base 1.70 mm; cal l i convex, margin l ines on inner half sharply 
impressed, reddish orange, faintly spotted; disk and margin with semi-
erect black bristles. Color of pronotal disk and corium red; margins of 
commissure and membrane fuscous. Scutel lum red with fuscous tint. Corium 
bearing semi-erect bristles sparsely intermixed with appressed, short, 
l ight hairs. Venter red to l ight fuscous; legs l ight fuscous to black; 
genital segment and right clasper distinctive of the species (Fig. 8), 
Female: Length 6,30 mm, width 2,26 mm. Head: width 1.16 mm, vertex 
0.66 mm. Antennae: segment I , length 0,56 mm; I I , 1,92 mm; I I I , 1.30 mm; 
IV, 0.46 mm; black, Rostrum: length 1.90 mm, Pronotum: length 1.24 mm, 
width at base 1.84 mm, Color simi lar to that of male except head yel lowish, 
anterior two-fifths of pronotum yel lowish red; vestiture on dorsal surface 
very similar to that of the male, 
Color of the anterior two-fifths of the pronotum ranges among members 
of the type series from red to yel low with the majority of the specimens 
being reddish orange. 
The species is named after Indians who lived in the State of Oaxaca, 
Holotype: d July 13, 1971, 32,8 mi northwest of Jalapa del Marques, 
Oaxaca, Mexico (Clark, Murray, Hart, Schaffner). Al lotypes:~ taken with 
holotype, Paratypes: 12 d 8 ~ taken with holotype, 
Lopidea deserting new species (Fig, 9) 
Differs from deserts Knight in the reddish and black color; distin-
guished by structure of the genital segment and claspers (Fig, 9), 
Male: Length 4,72 mm, width 1.68, Head: width 0.98 mm, vertex 0,52 
mm; lacking erect or semi-erect bristles; dark fuscous to black; vertex 
l ighter at margin of eyes; frons faintly l ined, Antennae: segment I , length 
0.46 mm; I I , 1.68 mm, cyl indrical , thickness not equal to segment I ; I I 1, 
1.12 mm; IV, 0.34 mm; all segments black. Rostrum: length 1.38 mm, 
reaching to posterior margin of middle coxae, fuscous to black, Pronotum: 
length 0,88 mm, width at base 1.44 mm; cal l i convex, margin l ines on inner 
half sharply impressed, dark fuscous with black dots; anterior two-fifths 
of pronotum dark fuscous to black, posterior portion reddish fuscous 
medially becoming red laterally. Scutel lum dark fuscous with scattered, 
short, decumbent hairs, Clavus and inner half of corium reddish fuscous, 
remainder red with hairs l ight, scattered, mostly decumbent; membrane fus-
cous, Venter dark reddish fuscous to black; genital segment and right 
clasper distinctive of the species (Fig, 9), 
Female: Length 5,40 mm, width 2.02 mm, Head: width 1,06 mm, vertex 
0,60. mm. Antennae: segment I , length 0.48 mm; I I, 1,64 mm; I I I , 0.96 mm; 
IV, 0.34 mm, Rostrum, length 1.58 mm, Pronotum: length 0.98 mm, width 
at base 1.62 mm. Coloration and hairs on dorsal surface very similar to 
the male. 
Some females of the type series differ sl ightly in color from the 
majority of the specimens and tend~to be more orange red than red. 
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Holotype: d July 26, 1970, 12 mi east of San Luis Postosi, S.L.P., 
Mexico (Murray, Phelps, Hart, Schaffner). Allotype: ~ taken with holo-
type, Paratypes: 9 d, 3 ~ taken with holotype, 
Lopidea gemina new species (Fig. 10) 
All ied to deserting but differs in the shorter and sl ightly thicker 
second antennal segment; distinguished by form of the male claspers and 
the tergal process (Fig. 10). 
Male: Length 4,90 mm, width 1.7 mm. Head: width 0,98 mm, vertex 
0.52 mm; without erect or semi-erect bristles; dark fuscous to black; pale 
fuscous to yel lowish bordering eyes and on jugae and lorae; frons faintly 
l ined, Antennae: segment I , length 0.50 mm; 1 1 , 1.50 mm, sl ightly thicker 
on middle but not equal to thickness of segment I , clothed with short, re-
cumbent, black pubescent hairs; I I I , 0.90 mm; IV, 0,34 mm; al l segments 
black, Rostrum: length 1,46 mm, reaching to base of posterior coxae, 
black, Pronotum: length 0.46 mm, width at base 0,75 mm; cal l i convex, 
margin l ines on inner half strongly impressed; dorsal surface fuscous to 
black, lateral margins of disk reddish. Scutel lum dark fuscous. Hemelytra 
reddish; clavus, except base and corium, except outer margin, dark fuscous, 
tip of cuneus somewhat dusky, Dorsal surface sparsely clothed with short, 
decumbent and appressed, pale to dusky, simple pubescence, Ventral sur-
face and legs black, Genital segment and claspers of the species (Fig, 10), 
Female: Length 5.0 mm, width 1.9 mm, Head: width 1,02 mm, vertex 
0.61 mm, Antennae: segment I , length 0.45 mm; I I , 1.56 mm, sl ightly 
thicker on middle; I I I , 0,78 mm; IV, 0,40 mm; all segments black, Prono-
tum: length 1.04 mm, width at base 1.6 mm, Color black, lateral margins 
of pronotum and hemelytra orange red, 
Holotype: d July 26, 1970, 12 mi east of San Luis Potosi, S.L.P., 
Mexico (Murray, Phelps, Hart, Schaffner). Al lotype: ~ taken with the 
holotype, Paratypes: 3 d , 5 ~ taken with the holotype, 
Lopidea jaurezi new species (Fig, 11) 
Distinguished by the strongly excavate vertex, also by form of the 
male genital segment and the claspers (Fig, 11), 
Male: Length 6,1 mm, width 2.0 mm. Head: width 1,2 mm, vertex 0,38 
mm; vertex and frons strongly excavate, clypeus vertical, the obl ique su-
ture across gena nearly obsolete; yellowish brown, clypeus and base of 
vertex black, Antennae: segment I , length 0.52 mm; I I, 2,30 mm, cyl in-
drical, thickness about equal to segment I, clothed with. fine, rather short, 
brownish pubescence; I I I , 2.1 mm; IV, 0.48 mm; al l segments black, Rostrum: 
length 2,08 mm, reaching to middle of hind coxae, black, Pronotum: length 
1.14 mm, width at base 1.6 mm, impunctate, lateral margins sharply cari-
nate, anterior margin raised, disk reddish yellow, call i fuscous; vesti-
ture short, inconspicuous, Scutellum strongly convex, reddish, Hemelytra 
uniformly deep red, sparsely clothed with brownish to black recumbent sim-
ple pubescence, hairs on cuneus black; membrane black, Legs pale yel lowish, 
tibiae infuscated, hind femora fuscous on apical half, Venter yellowish 
to red, genital segment yel lowish, fuscous beneath; claspers distinctive 
(Fig, 11). 
Holotype: d July 13, 1971, 2,7 mi northwest of EI Camaron, Oaxaca, 
Mexico, taken at l ight (Clark, Murray, Hart, Schaffner), Paratypes: 3d , 
taken with the holotype, 
Lopidea texana Knight 
1918 Lopidea texana Knight, Ent, New 29:215, pl, Xl l t 
This species was described from a specimen collected near Austin, 
Texas (C. T. Brues) and not reported since, Recently a large series of 
adults and several nymphs were col lected on the host plant, Sophora secun-
diflora (Ort,), April 26, 1969, 4 mi north of Kingsland, Llano County, 
Texas (J, C. Schaffner). 
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Figures 7 to 11. Male genital claspers for species of Lopidea.
c, right clasper, posterior aspect 
d, left clasper, posterior aspect 
e. right clasper, lateral or posterolateral aspect 
t.p. tergal process 
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DEVELOPMENT OF A MICROTITRATION COMPLEMENT-FIXATION TEST 
FOR DIAGNOSIS OF MYCOPLASMAL SWINE PNEUMONIAI 
M, F, Slavik2, M,S., and W. P. Switzer3, D.V.M., Ph,D, 
ABSTRACT. A microtitration complement-fixation (C F) test has been devel-
oped for detection of Mycoplasma hyopneumoniae in sera from infected swine. 
CF titers were detected in experimentally infected pigs as early as two 
weeks post-infection and lasted as long as 24 weeks post-infection. Con-
tact-exposed pigs developed CF titers as early as five weeks post-contact. 
The sensitivity of the CF test was increased greatly by heating the 
test sera at 56°C for 30 minutes and by using normal , unheated swine serum 
as the reconstituting fluid for the lyophi l ized guinea pig complement. By 
use of these techniques, the CF test detected antibodies to M, hyopneumoniae
at dilutions of test sera as low as 1:8, 
Diethylaminoethyl (DEAF) cel lulose treatment of post-infection sera 
had no effect on CF titers, indicating that CF antibodies were 7s immuno-
globul ins. 
No complement-fixation cross-reactions were observed in studies in-
volving CF antigens from Mycoplasma hyopneumoniae, Mycoplasma hyorhinis,
and Mycoplasma hyosynoviae, and the heterologous antisera. 
INTRODUCTION 
Mycoplasma) pneumonia of swine is a chronic pneumonia characterized 
by a dry, nonproductive cough, retarded growth rate, loss of vigor, high 
morbidity, and low mortal ity. The disease is transmitted by aerosol or 
pig-to-pig contact, and is one of the more widespread and economically 
important respiratory diseases of swine. In the United States alone, eco-
nomic loss caused by the disease was estimated to exceed 100 mi l l ion dol-
lars annual ly (Switzer, 1969). 
The purpose of this study was to develop a usable CF test for the 
diagnosis of swine mycoplasmal pneumonia, 
MATERIAL AND METHODS 
Test Organism 
Experimental inoculations of pigs were made with broth cultures of 
Mycoplasma hyopneumoniae strain VPP #11. 
Growth Medium 
Growth medium was prepared by adding g,8 g of Eagle's minimum essen-
tial medium, 5.96 g of Hepes (N-2-hydroxyethyl piperazine-N-2 ethane sul-
fonic acid), 5 ml of yeast extract, 5 g of lactalbumin hydrolysate, and 
1This work was supported by NIH grant No. 5 RO1 A108994. 
2Staff member, Veterinary Medical Research Institute, Iowa State University, 
Ames, Iowa. 
3Professor of Veterinary Microbiology and Preventive Medicine, Veterinary 
Medical Research Institute, Iowa State University, Ames, Iowa. 
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200 ml of acid-adjusted swine serum4 to 1000 ml of deionized water, The 
pH of the medium was adjusted to 7.6 with 1N NaOH and was fi lter steril ized, 
Production of CF Antigen 
Mycoplasma hyopneumoniae organisms were grown in one-l iter, screw-cap 
flasks containing 500 ml of steri le Eagle's growth medium, Incubation was 
at 37°C in a shaking water bath (10 to 12 osci llations per minute) for four 
to five days, at which time the pH of the medium was about 6,7. Organisms 
were concentrated by centrifugation at 15,000 rpm in a preparative ultra-
centrifuge; the resulting centrifugate was washed twice by centrifugation 
with veronal buffer. The washed cells were stored at -20°C as a 10% sus-
pension in veronal buffer, 
After the above procedure, 0,6 ml of packed M, hyopneumoniae cells 
were obtained from 1000 ml of medium. This volume of packed cells yielded 
400 to 500 ml of working, diagnostic, CF antigen. 
Preparation of CF Antigen for Diagnostic_Test 
A 10% suspension of M, hyopneumoniae was di luted 1:10 with veronal 
buffer and dispersed with a hand homgenizer5 twice to break aggregates of 
organisms. The suspension was then heated at 52°C for 30 minutes and ti-
tered in the CF test against sera from pigs that had been experimentally 
infected with M, hyopneumoniae, 
Experimental Pigs 
Pigs were obtained from a respiratory, disease-free herd maintained 
at the Veterinary Medical Research Institute, Iowa State University, 
Throughout the course of the experiments, the pigs were maintained in 
isolation units, Al l feed fed to the pigs was certified by manufacturer 
as free of antibiotics and drugs. 
Complement-fixation Test 
The procedure of the Laboratory Branch of the Communicable Disease 
Center (1965) was followed with one major exception, Lyophil ized guinea 
pig complement6 was reconstituted with normal serum from a six-to-eight-
week-old pig. In this way the procomplementary effect of swine serum on 
guinea pig complement was accounted for in the titration of the GPC'. The 
addition of normal swine serum to GPC' also restored the CF activity of 
heat-inactivated test serum, CF tests were done in microtiter plates? by 
use of five units of GPC' (reconstituted with normal swine serum), optimum 
dilution of previously titered M, hyopneumoniae antigen, and test sera 
heated at 56 C for 30 minutes. Plates were incubated overnight at 4°C be-
fore sensitized sheep RBC were added. The plates were then incubated at 
4The pH of swine serum was adjusted to 4,3 to 4,5 with 1N HCI, The serum 
was allowed to set at 4°C for 18 hours before centrifuging at 2000 rpm for 
15 minutes. The sediment was discared and the serum was clarified through 
a Whatman fiberglass filter pad and Selas No. 10, 01, and 02 porcelain fil-
ters, The pH of the serum was adjusted to 7.0 with 1N NaOH and either 
used immediately in the growth medium or stored at -20°C until used, 
Yeast extract was prepared according to the methods described by Hayfl ick 
~t965). Scientific Products, Evanston, I ll inois, 
6Difco Laboratories, Detroit, Michigan. 
7Limbro Chemical Company, Incorporated, New Haven, Connecticut. 
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37°C for 30 minutes, spun for five minutes at 1500 rpm, and the percent 
hemolysis produced in each wel l was recorded. Sera that resulted in 30% 
or less hemolysis of the RBC were considered positive. 
RESULTS 
Comparison of the Effect of Different Complement Reconstituting Fluids 
and Serum Treatments on CF Titers 
Twenty-two post-infection sera obtained from pigs that had exhibited 
typical lesions of mycoplasmal pneumonia at necropsy were titered. Each 
serum sample was divided inoo four al iquots and treated as fol lows: (1) 
untreated, (2) heated at 56 C for 30 minutes, (3) absorbed with equal vol-
ume of 5% sheep RBC for five hours at 4°C, and (4) absorbed sera heated 
at 56°C for 30 minutes. Lyophil ized guinea pig complement was reconsti-
tuted with o~e of three reconstituting fluids: (1) complement reconsti-
tuting fluid (2) heated serum (56°C for 30 minutes) from a normal eight-
week-old pig, and (3) unheated serum from a normal eight-week-old pig. 
The four al iquots of each of the 22 sera were tested in the CF test by use 
of GPC' reconstituted with one of the three reconstituting fluids. As 
indicated in Table 1, the more sensitive combination of treatments in de-
tecting CF antibodies were the fol lowing: (1) use of normal , unheated 
swine serum to reconstitute GPC' and test sera (either absorbed or not ab-
sorbed with sheep RBC) that were heated at 56°C for 30 minutes, and (2) use 
of normal swine serum (heated or unheated) or reconstituting fluid to re-
constitute lyophil ized GPC' and test sera that were absorbed with sheep 
RBC and unheated. By using these combinations of serum treatments and 
reconstituting fluids, all 22 post-infection sera were found to contain 
detectable antibody levels. Other combinations yielded no more than 17 
sera with detectable antibody levels. 
Effect of Storage of Test Sera at -80°C 
CF titers of 16 post-infection sera before and after storage at -80oC 
are shown in Table 2. Sera from four pigs (Nos. 6, 18, 19, 20) showed CF 
titers one dilution higher after storage than before storage. The remain-
ing nine sera had CF titers identical to the original. 
Repeatabil ity of CF Test Results 
CF titers of eight post-infection sera titered on three successive 
days are given in Table 3. Sera from two pigs (Nos. 9, 10) showed CF titers 
one dilution lower on day two than on days one and three. The titers of 
each of the other six sera remained constant on the three successive titra-
tions. 
Specificity of CF Test 
M, hyopneumoniae, M, hyorhinis, and M, hysynoviae CF antigens9 were 
tested against homologous and heterologous post-infection sera from 15 pigs 
to test specificity of the M, hyopneumoniae CF antigen. As indicated in 
Table 4, the three antigens gave positive CF reactions against their homol-
ogous antisera, but not against heterologous antisera. 
BDifco Laboratories, Detroit, Michigan. 
9M, hyorhinis and M, hyosynoviae CF antigens and antisera were suppl ied 
by Dr. R. F. Ross, Veterinary Medical Research Institute, Iowa State Uni-
versity, Ames, Iowa. 
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Table 1. A comparison of the effect of different complement reconstituting 
fluids and selected serum treatments on CF titers, 
Serum Treatments 
Reconstituting 
fluid for C' 
Absorbed, 
Heated 56°C Absorbed, heated 56°C 
Untreated for 30 min unheated for 30 min 
Difco's 
reconstituting 
fluid 
14+a
3+b
5 - 
7+ 
1+ 
14 - 
21 + 
1 + 
0 - 
7+ 
1+ 
14 - 
Normal swine 
serum 
14 + 19 + 21 + 19 + 
3+ 3 + 1 + 3 + 
5- o- o- o -
Normal swine 
serum heated 
14 + 8 + 21 + 8 + 
56°C 30 min 2 + 0 + 1 + 0 + 
6 - 14 - 0 - 14 - 
a 
Positive CF titers represent serum dilutions of 1:8 or higher in 
which less than 30% of sheep RBC were lysed, 
bPlus-minus CF titers represent serum dilution of 1:8 or higher in 
which 30% to 70% of sheep RBC were lysed, 
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Table 2. Effect on CF titers of storage of test sera at -80° C 
CF titers a
Pig No. 
Weeks 
post-infection 
Titer 
at 
Original titer 4 to 
after storage 
-80oC for 
8 months 
4 6 <8 < 8 
5 6 128 128 
6 6 128 256 
7 6 <8 <8 
8 6 128 t28 
g 6 16 16 
10 6 16 16 
11 6 64 64 
18 6 32 32 
18 7 32 32 
18 9 32 64 
19 15 16 32 
20 8 8 16 
20 9 64 64 
20 10 64 64 
20 11 64 64 
aComplement-fixation titers are expressed as the reciprocal 
of the highest serum dilution in which less than 30% of sheep 
RBC were lysed. 
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Table 3, Repeatabi l ity of CF test results 
Pig No, 
Weeks 
post-infection 
CF titers of serum sampleb on day 
1 2 3 
4 6 <8 <8 <8 
5 6 128 128 128 
6 6 256 256 256 
7 6 <8 <8 <8 
8 6 128 128 128 
g 6 16 8 16 
10 6 16 8 16 
11 6 64 64 64 
aComplement-fixation titers are expressed as the reciprocal of 
the highest serum di lution in which less than 30% of sheep RBC 
were lysed. 
bEach serum sample was divided into 3 al iquots which were tested 
on 3 successive days, 
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Table 4. Cross reactions of CF antibodies against M, hyopneumonia, M. 
hyorhinis, and M, hyosynoviae 
CF antibody titera against 
Pig No. 
Infecting 
organism 
Mycoplasma Mycoplasma Mycoplasma 
hyopneumoniae hyorhinis hyosynoviae 
24 M, hyorhinis <8 256 < 8 
25 M, hyorhinis < 8 128 < 8 
26 M, hyorh i n i s <8 32 <8 
27 M, hyorhinis <8 64 < 8 
28 M, hyorhinis < 8 256 < 8 
29 M, hyosynoviae <8 < 8 64 
30 M, hyosynoviae <8 < 8 256 
31 M, hyosynoviae C8 < 8 256 
32 M, hyosynoviae <8 < 8 128 
33 M, hyosynoviae <8 <8 32 
5 M, hyopneumoniae 128 < 8 < 8 
6 M, hyopneumoniae 256 <8 < 8 
8 M, hyopneumoniae 128 < 8 [ 8 
9 M, hyopneumoniae 16 <8 6 8 
11 M, hyopneumoniae 64 <8 < 8 
aComplement-fixation titers are expressed as the reciprocal of 
the highest serum di lution in which less than 30% of sheep RBC 
were lysed, 
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Diethylaminoethyl Cel lulose Treatment of Sera 
To ascertain whether the CF antibodies were of 7s or 19s type, post-
infection sera from a broth-culture infected pig (No. 22) were fraction-
ated by the batch absorption method of Stanworth (1960) by use of DEAE 
cel lulose and titered in the CF test. As given in Table 5, the CF titers 
of each serum before and after treatment with DEAE cel lulose did not vary 
more than one dilution, indicating that M, hyopneumoniae CF antibodies are 
a 7s type immunoglobul in. 
Table 5. Effect of DEAE cel lulose treatment of post-infection sera on 
CF titersa
Weeks post-infection 
of pig No. 
Sera 
untreated 
Sera treated with 
DEAE cel lulose 
2 8 tg 
3 32 32 
4 32 64 
5 64 64 
6 128 128 
7 256 256 
9 256 256 
10 256 256 
12 256 256 
14 128 128 
16 64 128 
18 64 64 
20 64 64 
22 64 64 
24 64 64 
aComplement-fixation titers are expressed as the reciprocal of 
highest serum di lution in which less than 30% of sheep RBC 
were lysed. 
Experimental Infection 
Three pigs (Nos. 1, 2, 3) were inoculated intranasal ly on two consecu-
tive days with 5 ml of an actively growing broth culture of the 23rd pas-
sage of M, hyopneumoniae. The pigs were bled weekly for 15 weeks fol lowing 
the last inoculation and necropsied on the 24th week. CF antibody titers 
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were first detected in al l pigs two weeks post-exposure and lasted up to 
13 weeks. The level and duration of the CF titers are shown in Figure 1. 
Examination of the lungs 24 weeks post-exposure revealed no mycoplasmal 
pneumonia lesion, 
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Figure 1. Development of post-infection CF titers 
Eight pigs (Nos, 4 through 11) were inoculated intranasally with ap-
proximately 0,5 ml of a 10% suspension of pneumonic lung. (lesions induced 
with a pure culture of M, hyopneumoniae). The inoculations were repeated 
on the tenth day. Six weeks later, al l eight pigs were necropsied, The 
lungs of all eight pigs had gross and microscopic lesions involving an es-
timated 2% to 20% of total lung area. As shown in Table 6, six of the 
eight pigs had detectable CF titers at necropsy. 
Post-infection sera from six pigs (Nos. 12 through 17) were avai lable 
from an experiment conducted by Takatori, Huhn, and Switzer (1968), The 
pigs had been inoculated intranasal ly three times at three-day intervals 
with 2 to 5 ml of broth culture of the 38th passage of M, hyopneumonia.
Three of the pigs (Nos. 13, 15, 16) had been given an additional intra-
tracheal inoculation after the last intransal inoculation. Three of the 
pigs (Nos. 12, 15, 17) were necropsied 35 days after the first inoculation, 
and the remaining pigs (Nos. 13, 14, 16) were necropsied 63 days after the 
first inoculation, At necropsy, al l pigs but one (No. 13) had typical myco-
plasmal pneumonia lesions, both macroscopical ly and histological ly, M, 
hyopneumoniae organisms had been successful ly recovered from each of the 
five pneumonic lungs. As shown in Table 7, CF titers were demonstrated in 
all six infected pigs. In one pig (No. 15), a CF titer was found two weeks 
post-infection, while the remaining pigs first exhibited CF titers three 
to six weeks post infection. 
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Table 6, Demonstration of lung lesions and CF antibody against M, 
hyopneumoniae in experimental ly infected pigs 
Pig No, 
Estimated percentage of 
mycoplasmal lung lesions CF antibody titers
4 2 <g 
5 20 128 
6 6 256 
7 5 <8 
8 2 128 
9 5 16 
10 12 16 
11 5 64 
aCF titers are expressed as the reciprocal of the highest serum 
dilution in which less than 30% of sheep RBC were lysed, 
Table 7„ Development of CF antibodiesa against M, 
experimental ly infected pigs 
hyopneumoniae in 
Weeks post-infection 
Pig No, 0 1 2 3 4 5 6 7 8 9 
12 < 8 <8 <8 16 32 32 
13 <8 <8 <8 <8 <8 <8 ~8 16 32 64 
14 < 8 <8 <8 <8 8 8 16 16 32 32 
15 <8 <8 8 32 32 32 
16 < 8 ~ 8 <8 <8 8 16 64 128 128 256 
17 < 8 c8 <8 8 32 256 
aCF titers are given as the reciprocal of the highest serum di lution 
in which less than 30% of sheep RBC were lysed, 
CONTACT INFECTION 
Of six pigs (Nos. 1, 2, 3, 18, 19, 20) housed in an isolation unit, 
three pigs (Nos, 1, 2, 3) received two intranasal inoculations of a broth 
culture of the 23rd passage of M, hyopneumoniae, The remaining three pigs 
(Nos. 18, 19, 20) were not inoculated, Al l pigs were bled weekly for 15 
weeks and necropsied on the 24th week, As shown in Figure 2, the first 
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demonstration of CF titers in contact-exposed pigs occurred five weeks post-
contact in one pig (No. 18), eight weeks post-contact in another (No. 20), 
and 15 weeks post-contact in the remaining pig (No. 19). Examination of the 
lungs revealed typical mycoplasmal pneumonic lesions in the lungs of one pig 
(No. 20), and mi ld scarring in another (No. 18). The lungs of the remaining 
pig (No. 19) were apparently normal. 
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Figure 2. Development of Cf titers from contact with infected pigs. 
DISCUSSION 
In al l but one pig, which was inoculated intranasal ly with a broth 
culture of M. hyopneumoniae, CF titers were detected from two to four weeks 
post-exposure. These results are in close agreement with Boulanger and 
L'Ecuyer (1968), Takatori et al. (1968), and Hodges and Betts (1969). CF 
antibody was detectable up to 13 weeks post-infection but not at 24 weeks 
post-infection in sera of three pigs. At necropsy, al l three pigs were 
found to have normal appearing lungs. Disappearance of CF antibody and 
absence of gross lesions in these three pigs may indicate that they had 
recovered from the disease. While only six of eight pigs that had been 
inoculated with pneumonic lung suspension developed CF titers, the sera 
from the remaining two pigs exhibited 20% unlysed sheep RBC. This low 
level of fixation suggests that CF antibodies were developing 
CF titers in contact-exposed pigs were detected eight to 15 weeks 
post-contact. The only pig that yielded a CF titer at necropsy had pneu-
monic lungs. The remaining pigs had CF titers that lasted a shorter time 
and they had normal lungs at necropsy. These results indicate that devel-
opment of CF titers may paral lel formation of mycoplasmal lung lesions. 
Studies involving M. hyopneumoniae, M. hyorhinis, and M. hyosynoviae 
revealed no CF cross reactions among the heterologous antigens and anti-
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bodies, Thus, in future field appl ications the presence of M, hyorhinis 
or M, hyosynoviae infection should have no effect on the diagnosis of M, 
hyopneumoniae infection, 
Storage of test sera at -80°C for several months had no significant 
effect on CF titers, Stabi l ity of frozen CF antibody, coupled with the 
repeatabi l ity of test results, facil itates the use of this CF test, 
Comparative studies of reconstituting fluids and serum treatments re-
vealed that the combination of unheated test serum absorbed with sheep red 
blood cel ls and any of the three reconstituting fluids enabled the CF test 
to diagnose over g0% of pigs that had been infected experimental ly with 
M, hyopneumoniae, Absorption of the sera, however, had two disadvantages: 
(1) it was time consuming, and (2) reading the test results was difficult 
because many sera were discolored from lysis of the absorbing sheep RBC 
even though the absorption was carried out at 4°C. Thus, the method of 
heating test sera 56°C for 30 minutes and using unheated, normal swine 
serum as the reconstituting fluid for C' was chosen as the best method, 
DEAE cellulose treatment of post-infection sera indicated that the CF 
antibodies detected are probably 7s immunoglobul ins, 
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INFLUENCE OF ENVIRONMENT AND LEAF EXCISION ON 
GAS EXCHANGE OF OAT LEAVESI 
J. G. Criswel l2 and R. M. Shibles3
ABSTRACT. Effects of l ight, temperature, relative humidity, and leaf ex-
cision on gaseous exchange processes of oat (Avena sativa L.) leaves were 
tested. Maximum net photosynthetic rates of attache oat leaves were 
achieved at about 27°C leaf temperature and 200 w m irradiance; net 
photosynthesis was insensitive to relative humidity over a wide range. 
Even under moderately high humidity, net photosynthesis of detached leaves 
began to decl ine as early as 20 minutes after excision. This is about the 
time required, after insertion into the leaf chamber, for induction to 
maximal net gas exchange of attached leaves. 
Additional index words: Photosynthesis, Transpiration, Diffusion Resis-
tances, Relative Humidity, Light, Temperature. 
Gas exchange processes in plants are influenced by many environmental 
factors. The response of gaseous exchange processes to environment has 
been studied in various species by many researchers. In particular, Gaas-
tra (1959), Bjiirkman and Holmgren (1963), Bierhuizen and Slatyer (1964), 
and Nevins and Loomis (1970) have conducted thorough studies. However, 
no extensive tests have been conducted on oats. The effects of environ-
mental factors, such as l ight, temperature, and relative humidity, on pho-
tosynthetic, transpirational , and diffusion resistance processes in oats 
needed to be investigated because subsequent studies, involving the screen-
ing of genetic material for photosynthetic differences (Criswel l and Shibles, 
1971), required that plant material be tested under optimal , repeatable, 
and definable conditions. The purpose of this series of experiments was 
to define the photosynthetic and transpirational responses of oats to 
l ight, temperature, and humidity. 
MATERIALS AND METHODS 
Two oat varieties, 'Burnett' and 'Record' were used. They were 
planted April 22, 1969, in plastic containers each of which held 11.3 kg 
of the 2:1:1 mixture of soil , peat-soi l , and sand used. Appl ied nutrients 
1Journal Paper No. J-7187 of the Iowa Agriculture and Home Economics Ex-
periment Station, Ames, Iowa. Project No. 1487, This work was partially 
supported by a grant from the Quaker Oats Company. 
2Former NDEA Fe11ow,Department of Agronomy, Iowa State University (now 
Research Associate, Department of Crop Science, University of Guelph, 
Guelph, Ontario, Canada). 
3Professor, Department of Agronomy, Iowa State University, Ames, Iowa 50010. 
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consisted of N, P, and K at the rate of 136, 40, and 60 ppm (w/w) of soi l. 
The P, as Ca(H2PO4)2, and K, as K2S0 were mixed into the medium before 
potting. The N was appl ied, as NH4N~3 dissolved in water, biweekly during 
vegetative growth and weekly during reproduction at the rate of 17 ppm per 
appl ication. 
Zineb was used to prevent fungal infections and Malathion was used 
for insect control, 
The open, gas-exchange system used was simi lar to that described by 
Gaastra (1959). Briefly, outside air was fi ltered, passed through 6N KOH 
to remove CO and washed by dispersion in disti l led water. The desired 
CO2 concentration for testing, 320 ppm (v/v), was obtained by adding to 
the cleaned, CO -free air a regulated amount of 100% CO Humidity was 
regulated by saturating the testing air in cold, distil~ed water before 
reheating the air to the desired testing temperature. Then, the testing 
air was passed through a flowmeter and directly to the leaf chamber. 
Samples of chamber inlet and outlet air were constantly withdrawn for 
analysis of CO2 and water vapor concentrations. Carbon dioxide differen-
tials were determined with an infrared gas analyzer, and water vapor ex-
change was measured by use of a differential psychrometer, simi lar to 
that described by Slatyer and Bierhuizen (1964). 
The water-jacketed leaf chamber was constructed of rigid, acryl ic 
plastic and consisted of two halves with internal dimensions of 8.0 x 8.0 
x 2.5 cm. The leaf laminae were inserted between the halves, which could 
be bolted together. Permagum served as a seal. The leaves were supported 
in the chamber by a grid of nylon fi laments. To maintain air turbulence, 
the chamber contained a fan with an external ly-mounted motor in the bot-
tom half. Leaf temperatures were measured with thermocouples pressed 
against the abaxial surface of the leaf. 
Energy for photosynthesis was provided by 300-watt, tungsten-fi lament, 
reflector-flood lamps. Light-flux density was measured with an ISCO SRR 
spectroradiometer at a position approximating that of the leaf in the 
chamber. Excepting the experiment in which l ight was varied, l ight-flux 
density (400-700 nm) was 173 wm-2. 
A detai led diagram of the system and the leaf chamber is given by 
Criswell (1970). 
The experiments were designed to test only one factor at a time; 
other factors were held as constant as possible. Experiments were de-
signed to test (1) the time required to obtain steady-state photosynthe-
sis, transpiration, and leaf temperature after initial exposure to l ight 
in the leaf chamber and (2) the effects of l ight, temperature, relative 
humidity, and leaf detachment on gaseous-exchange processes. 
Tests were conducted on midportions of four leaves simultaneously. 
Either the first or second leaf below the flag leaf was used. Except for 
the leaf detachment study, al l tests were conducted on attached leaves. 
Gas exchanges were expressed on a leaf area basis. Leaf area was 
determined by a technique developed by Stoy (1965) in which trapezoidal 
and triangulation formulae were used. 
Diffusion resistances were calculated according to Gaastra's (1959) 
methods in which the CO2 concentration at the CO2 fixation-site is assumed 
to be zero. Al l resistances are expressed in terms of CO2. 
Means and standard deviations were calculated for induction and for 
l ight and leaf-excision tests. Regression analyses were used to evaluate 
leaf temperature and relative humidity effects because results of these 
tests could not be averaged, 
RESULTS AND DISCUSSION 
Prel iminary tests were conducted to determine the time necessary for 
oat leaves of plants brought into the laboratory from outdoors to reach 
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steady-state gas exchange after they were introduced into the leaf cham-
ber, Upon i l lumination, approximately 15 minutes were required to obtain 
nearly stable net photosynthetic and transpirational rates (Fig. 1). Sta-
ble net photosynthetic rates usual ly could be maintained for periods of 
three hours or longer. The time period necessary to obtain stable gas ex-
change rates in oat leaves is shorter than induction periods for photo-
synthesis reported for other crops. Tests with wheat leaves have indicated 
that two hours irradiance are required to obtain representative photosyn-
thetic rates (Osman and Mi lthorpe, 1971); experiments conducted on sugar 
beet leaves, at l ight levels comparable to those we used, have shown that 
a period of approximately 30 minutes is needed to obtain stable gas ex-
change rates (Nevins and Loomis, 1970). Brun (1961) found that a 60-minute 
period was required to obtain stable gas exchange rates in young banana 
leaves, and that upon i l lumination there was an initial "lag" phase of ap-
proximately 25-minutes duration before net photosynthesis and transpiration 
began to increase. Soybean leaves have been observed to obtain maximum 
gas-exchange rates under saturating l ight conditions 60 to 120 minutes af-
ter insertion into the chamber, and maximum photosynthetic and transpira-
tional rates seem to be obtained sooner in leaves preconditioned in sun-
l ight than in leaves exposed to a two-hour period of darkness prior to 
testing (Fukui, Ojima, and Watanabe, 1965), 
The photosynthetic rate of the oat leaves (Fig. 1) increased about 
10% over the period of from 15 to 180 minutes. The reason for this slow, 
sustained increase is not known. However, Osman and Milthorpe (1971) also 
noted that, although wheat leaves obtained 90% of the final photosynthetic 
rate after two hours of i l luminance, the maximum rate was not achieved un-
ti l after four hours of exposure to l ight, 
Leaf temperature first increased after i l lumination, reached a maxi-
mum after about three minutes, then decl ined sl ightly. The initial rise 
of leaf temperature was caused by the increased radiation load on the leaf, 
which was transpiring slowly because of delayed stomatal reaction to i l lu-
mination, After the stomata opened, transpiration increased rapidly; coin-
cidental ly, leaf temperature decl ined sl ightly. Eventual ly, leaf tempera-
ture stabi l ized at a level sl ightly higher than the initial three-minute 
level as transpiration approached a steady state. That stomatal opening 
and increased transpiration rates depressed leaf temperature is supported 
by measurements of stomatal resistance, which were about 14 times lower 
15 minutes after illumination as compared with three minutes' exposure to 
l ight. Previous studies by Brun (1961), Nevins and Loomis (1970), and Os-
man and Mi lthorpe (1971) have shown negative associations of leaf tempera-
ture with the stomatal-aperture-dependent transpirational process, and Os-
man and Mi lthorpe (1971) have noted positive associations between leaf 
temperature and leaf resistance values simi lar to those we observed. 
Light-flux density tests conducted from low to high l ight on leaves 
of Burnett and Record oat varieties showed that net photosynthesis ap-
proached l ight saturation at approximately 173 w m-2 (400-700 nm), Mean 
results of three observations on each variety are shown in Fig, 2. The 
l ight level at which the photosynthetic process was saturated was sl ightly 
higher than the energy level of 0.21 cal cm-2 min-1 (147 w m-2) reported 
by Lawes and Treharne (1971) as sufficient to l ight-saturate oat leaf sec-
tions placed in a Warburg apparatus. 
The transpiration rate increased l inearly as the radiation load on the 
leaf increased. Limitations of the apparatus prevented maintenance of con-
stant leaf temperatures as the radiation on the leaves increased. The re-
sidual and stomatal resistance decreased as the l ight flux density in-
creased; the laminar resistance, which is primarily dependent upon the wind 
velocity over the leaf and morphological characteristics of the leaf, re-
mained relatively constant. 
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With the experimental apparatus used, leaf temperature could not be 
varied over a wide range; it was possible to obtain temperature responses 
(measured from low to high temperatures) by circulating warm water through 
the water jackets on the assimi lation chambers. Net photosynthesis de-
cl ined slowly over the temperature range from approximately 25° to 35°C, 
decreasing only about 15% (Fig, 3), That the quadratic effect of leaf 
temperature over this temperature range was not significant suggests that 
oats have a broad temperature-response curve for photosynthesis, similar 
to that reported for other temperate grass species (Murata and lyama, 
1963). 
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Transpiration increased l inearly with increasing leaf temperature 
and paral leled the increase in vapor-pressure deficit between leaf and 
chamber air. The residual resistance increased, and laminar resistance 
decreased sl ightly as leaf temperature increased, but stomatal resistance 
was l ittle affected by leaf temperature changes. 
Net photosynthetic rates were not affected by changes of relative 
humidity over the range of 45 to 75% (Fig, 4). As the relative humidity 
increased, the vapor-pressure difference between the leaf air and the 
chamber air decreased; consequently, transpiration decl ined too. Similar 
results have been noted by Nevins and Loomis (1970) with sugar beet leaves. 
Residual and laminar resistances remained relatively constant over the 
range of relative humidities used, but stomatal resistance showed a curvi-
l inear response. This is explained by the fact that at ]ow relative hu-
midities the stomata began to close, whereas at high relative humidities 
the transpirational rate was surpressed. 
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Although attached leaves were used in al l preceding tests, four sepa-
rate tests were conducted to determine if detached leaves could be used 
for measuring gas exchange in oats. Oat leaves were detached while sti l l 
in the assimilation chamber, but only after they had been allowed to pho-
tosynthesize under steady-state conditions for one hour. When oat leaves 
were excised in air and the laminar portion of the leaf re-excised under 
distil led water, gas exchange rates remained stable for about 40 minutes 
after detachment, provided that moderately high relative humidity condi-
tions (61%) were maintained in the assimi lation chambers (Fig, 5), Simi-
larly, Ito (1965), who studied effects of leaf detachment in sugar beet, 
observed that leaf photosynthesis was not affected by cutting the petiole 
under air temperatures ranging from 18° to 28°C, but that to maintain nor-
mal rates it was necessary to supply water to the cut end of the petiole 
and to maintain high humidity and moderate temperature conditions inside 
the leaf chamber. However, when our oat leaves were excised under low 
relative humidity conditions (46%), gas exchange rates began to decl ine 
almost immediately. After approximately 30 to 50 minutes, exchange rates 
were partly restored, but the sl ight restoration was followed by a slow, 
sustained decrease of both the photosynthetic and transpirational processes, 
Brun (1965), who studies the effects of severing the vascular system of 
young banana plants at various places, found that cutting the blade of a 
leaf enclosed in an assimilation chamber suppl ied with normal air (300 ppm 
CO2) of low relative humidty (2g%) resulted initial ly in a sl ight stimu-
lation of photosynthesis and transpiration, fol lowed by a decl ine of both 
processes, A sl ight secondary recovery of these processes occurred before 
the gas-exchange rates continued to decl ine. In our experiments with oats 
we did not observe any stimulation of gaseous exchange processes following 
excision, However, leaf excision studies on wheat by Al lerup (1959) indi-
cate that such stimulations would be unl ikely to occur when pla nt portions 
are excised under water or in conditions of high humidity, because the 
release of stress, to which the water phase within the conductive tissues 
of plants would be subjected, would not be as great under these conditions. 
The stomatal resistance values we obtained indicate that high rela-
tive humidity conditions are needed to maintain open stomata in excised 
oat leaves. Further evidence of stomatal closure with detached leaves at 
low relative humidity is provided by the increase in leaf temperature, 
which corresponds to photosynthetic and transpirational reductions. 
The resistance data also indicate that the residual or mesophyl l re-
sistance increases in response to leaf excision. Indeed, the increase in 
residual resistance after leaf excision under low humidity seems as rapid 
as the increase in stomatal resistance, 
Although maximal photosynthesis was maintained for 20 to 40 minutes 
when leaves were excised at 61% relative humidity, the use of detached 
leaves remains a questionable technique because the shorter of these times 
is about the time required, after insertion of the leaf into the chamber, 
for induction to maximum photosynthesis. We do not know what would happen 
if the detached leaves were held under a much higher humidity, but measure-
ment of exchange rates under high humidity is a problem because of mois-
ture condensation on the leaf-chamber wal ls. 
We conclude that, when photosynthetic rates are measured in oats, use 
of attached leaves is preferable. Maximal net photosynthetic rates of 
attached leaves can be achieved at leaf temperatures near 25°C and 200 w 
m-2 irradiance; net photosynthesis in attached leaves under these condi-
tions is insensitive to relative humidity in the range of 45 to 75%. 
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LIST OF FIGURE LEGENDS 
Fig, 1, Net photosynthesis (~), transpiration (o) and leaf temperature 
(x) as a function to time (top). CO2 diffusion resistances as a 
function of time are shown at bottom. Lights were turned on at time 
0, Mean results of two tests on varieties Burnett and Record are 
shown, and standard deviations from the mean are represented by the 
vertical bars, Conditions: CO2 concentration = 320 ppm; l ight flux 
density = 173 w m-2, mean relative humidity after 15 minutes = 57%, 
second leaf below the flag leaf. 
Fig. 2. Net photosynthesis, transpiration, leaf temperature, and CO2 dif-
fusion resistances as a function of l ight flux density. Each point 
represents the mean of six observations col lected on the first leaf 
below the flag leaf on varieties Burnett and Record. Standard devia-
tions from the mean are represented by the vertical bars, The CO2
concentration of the air was 320 ppm, and at a l ight flux density of 
173 w m
-2 
the relative humidity was 63%. 
Fig. 3, Net photosynthesis, transpiration, vapor pressure deficit between 
the leaf and air (V PD L-A), and CO2 diffusion resistances as a func-
tion of leaf temperature. Results of four tests conducted on varie-
ties Burnett and Record are shown, Conditions: CO2 concentration = 
320 ppm; l ight flux density = 173 w m-2, second leaf below flag leaf. 
Fig, 4. Net photosynthesis, transpiration, vapor pressure deficit between 
the leaf and the air (UPD L-A), and CO2 diffusion resistances as a 
function of relative humidity. Results of four tests conducted on 
varieties Burnett and Record are shown. Conditions: CO2 concentra-
tion = 320 ppm; l ight flux density = 173 w m-2; leaf temperature = 
29.8 C; second leaf below the flag leaf, 
Fig. 5. Net photosynthesis (~), transpiration (o), leaf temperature (x), 
and CO2 diffusion resistances of detached leaves as a function of 
time under 46 and 61% relative humidity. Arrows indicate time of 
leaf detachment, Leaves were excised whi le in the chamber. Mean re-
sults of two tests at each humidity on varieties Burnett and Record 
are shown, and standard deviations from the mean are represented by 
the vertical bars. Condditions: CO2 concentration = 320 ppm; l ight 
flux density = 173 w m-2; first leaf below the flag leaf. 
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EFFECTS OF EXOTIC CYTOPLASMS ON AGRONOMIC CHARACTERS OF 
TWO MAIZE INBRED LINESI 
W. A. Russell2
ABSTRACT. Twenty exotic cytoplasms from the maize breeding center near 
Chapingo, Mexico, were introduced into M14 by five and 614 by six back-
crosses. Reciprocal crosses were made of each exotic cytoplasm with the 
Corn Belt cytoplasm of the same l ine. Paired comparisons included exotic 
vs. Corn Belt cytoplasm and Corn Belt cytoplasm from the reciprocal cross 
vs, original recurrent- line for nuclear effect caused by failure to re-
cover the recurrent parental genes after the backcross program. For 180 
paired comparisons in M14 (nine characters, 20 cytoplasms), the cytoplasmic 
effects were significant for 15 at P < 0.05 and the nuclear effects were 
significant for 28 at P < 0.05. Similarly in 614 for 200 paired compari-
sons (10 characters, 20 cytoplasms), the frequencies were 13 at P < 0.05 
for cytoplasmic effects and 30 at P < 0.05 for nuclear effects. The only 
consistent results in M14 and 614 for cytoplasmic effects were for 'Zapa-
lote Chico', which had significant effects for four characters in M14 and 
five characters in 614. Three characters were significant in both l ines, 
and the differences were of the same sign. Generally, the cytoplasmic 
effects were not great enough to warrant extensive programs for incorpo-
ration of exotic cytoplasms into Corn Belt germplasm. 
Additional index words: Zea mays L., Backcrossing. 
Cytoplasmic effects in the development of plant and ear characters 
of maize (Zea mays L.) have not received extensive attention by breeders 
except for male-sterile cytoplasms. Breeders generally assume equivalent 
performance in reciprocal crosses, and when differences, do occur, it may 
not be possible to determine if they are caused by cytoplasmic influences 
or by maternal effects, such as variation in seed size or qual ity. Since 
the advent of male-sterile cytoplasms, numerous studies F~ave shown that 
such cytoplasms may affect more than just the pollen development. The 
relationship between the Texas male-sterile cytoplasm and susceptibil ity 
to the T strain of Helminthosporium maydis Nisikado & Miyake has been well 
documented. 
Studies reported on cytoplasmic effects in maize may be broadly cate-
gorized into three groups: (1) male-sterile cytoplasms vs, normal cyto-
plasms, (2) reciprocal crosses of cytoplasms adapted for an area, and (3) 
adapted vs, introduced or exotic cytoplasms. The main interest in this 
study is in exotic cytoplasms. 
1Joint contribution: Plant Science Research Division, Agricultural Re-
search Service, U.S. Department of Agriculture, and Journal Paper No. 
J-7342 of the Iowa Agriculture and Home Economics Experiment Station, 
Ames, Iowa 50010. Project No. 1897. 
2Professor of Plant Breeding, Iowa State University, Ames, Iowa 50010. 
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Maize breeders are increasingly emphasizing the util ization of exotic 
germplasms in Corn Belt breeding programs. If cytoplasms that have signi-
ficant effects on plant and ear development are available, one can expect 
that the variation should be greatest among maize stocks collected from 
diverse parts of the world, Consequently, exotic germplasms may need to 
be examined for contribution by the cytoplasm as wel l as by the nuclear 
genes. Crane and Nyquist (1967) studied reciprocal crosses for effects 
of cytoplasms obtained from Asia, Africa, Europe, and South America, They 
used F1 's in one experiment, but switched to reciprocal F2's for two sub-
sequent experiments to el iminate the maternal seed influences that may 
have been present in the F1. In single experiments in which there was no 
interaction with environments, Crane and Nyquist obtained several instances 
of significant differences between reciprocal crosses, In a more exten-
sive study that included locations and years, however, cytoplasmic effects 
on quantitative characters such as yield were of low magnitude. They con-
cluded that the cytoplasmic effects were not great enough to warrant ex-
tensive attention in a breeding program, Also, in a study of cytoplasmic 
effects involving exotic cytoplasms, Sprague and McGahen (1968) found no 
important effects in reciprocal single crosses in which they had Nobogame 
(teosinte) cytoplasm and cytoplasms of 16 maize strains obtained from 
North and South America, Asia, Europe, and Africa. The Nobogame (teosinte) 
cytoplasm seemed to contribute to low yield in their test. 
Most experiments reported for cytoplasmic effects have used maize 
stocks at the hybrid level, The purpose of this study was to observe cy-
toplasmic effects on plant and ear characters at the inbred level for 20 
exotic cytoplasms of semi-tropical and tropical origins. 
MATERIALS AND METHODS 
The exotic cytoplasms used are l isted in Table 1. These stocks, 
Crossed with 'Iowa Stiff Stalk Synthetic' as the male parent, were ob-
tained from the maize breeding center near Chapingo, Mexico, in 1959. 
Each cytoplasm type was crossed with the Corn Belt inbred l ine M14 and 
B14, with the inbred l ines as male parents. Five backcrosses with M14 
and six backcrosses with 614 were made, with the recurrent parents being 
used continuously as pol len parents, I used no selection during the back-
cross generations, so the recovery of the Corn Belt genotypes would be 
expected to be near g8% for M14 and 99% for B14, 
Table 1. Varietal names of the exotic cytoplasm introduced into M14 and 
614 
Peptil la Zapalote Chico 
Maize Dulce Vandeno 
Conico Celaya 
Tablancillo Conico Norteno 
Palomero Toluqueno Bol ita 
Arrocillo Amari llo Dzitbacala A. (Guat,) 
Chapalote Tepecintle B. (Guat,) 
Nal-Tel Nal-Tel Amarillo (Guat,) 
Cacahuancintle Nal-Blanco (Gust,) 
Harinoso de Ocho Jala 
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To prepare seed for this study, each of the 20 cytoplasm strains of 
an inbred l ine was grown in a paired-row plot with the recurrent l ine 
having Corn Belt cytoplasm. I made five or six reciprocal plant-to-plant 
crosses within each pair and bulked the seed from each row at harvest. 
If an ear was not harvested in one row, the reciprocal-mated ear in the 
other row of the pair was discarded before bulking the ears. Consequently, 
seed from the two rows differed only in cytoplasms because 50% of the genes 
were contributed by each parent. Also, I produced seed of the M14 and 614 
with Corn Belt cytoplasm by sib-mating within each line. 
I evaluated the M14 material in 1970 in a split-plot experiment in 
which a whole plot included the original M14 and the reciprocals of a 
cross of an exotic cytoplasm and Corn Belt cytoplasm. The experiment 
had 20 whole plots and three subplots per whole plot. Thus, there were 
60 plots per repl ication, and I used 10 repl ications. Single-row plots 
spaced at 102 cm were used, and each row after thinning had 13 plants 
spaced at 34 cm. 
Data taken per plot included the date for 50% of the plants to reach 
si lk emergence, plant height to the collar of the top leaf, ear height to 
the top ear node, number of primary tassel branches, ear length, ear diame-
ter, weight per 300 kernels, and weight of grain. The plant, ear, and grain 
data were taken on 10 plants per plot. Very few plants were barren and 
none had second ears; consequently, I did not record data for number of 
ears per plant. All ear and grain data were taken after the ears had 
been dried to a uniform moisture level. 
The B14 material was evaluated in a similar experiment in 1971. 
This l ine has slow silk emergence, and, frequently, not all silks emerge 
from the husk. To insure full seed set, the husks were cut off near the 
cob tip as the first silks started to emerge. Data were taken for date 
of tassel anthesis rather than for silk emergence. Some variation in 
number of plants per plot for measurement occurred because of loss of 
plants caused by a severe windstorm in early July. Also, because some 
plants were barren and some had two ears, I recorded data for the number 
of ears per plant. 
The data subjected to the analysis of variance for the spl it-plot 
design were date of silk emergence or tassel dehiscence (days after July 
1), weight (grams) per 300 kernels, and mean values per plant for all 
other characters. The main items of interest were paired comparisons 
among the three members within a main plot or family. To make the paired 
comparisons, the difference was tested with the least significant differ-
ence (L.S.D.) calculated on the basis of 360 degrees of freedom, error 
(b) mean square, and 10 repl ications. 
RESULTS AND DISCUSSION 
The sources of variation usually tested for significance in a spl it-
plot experiment actually are of l ittle interest in these studies. Results 
of the F-tests, however, showed evidence for significant variation (P < 
0.05) caused by cytoplasms, nuclear genes, or both, for all except one 
character in M14 and two characters in 614. The coefficients of varia-
bil ity (C.V.) for the M14 study indicate an excel lent level of precision 
for all characters. In the 614 experiment, the C.V.'s were similar to 
M14, except for days to tassel dehiscence, ear length, and grain yield, 
which were higher, even though less precision was expected because of 
variability in number of plants per plot. The occurrence of barrenness 
or more than one ear per plant, as in 614, usually accentuates the error 
value of ear length and grain yield per plant. 
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Summaries for the frequencies of significant differences in paired 
comparisons are presented in Table 2 for M14 and in Table 3 for 614, Any 
difference judged as significant between two members of a pair (1 vs. 2 
in the tables) occurred because of cytoplasmic effects or random devia-
tion, Genetic differences were not present because the members of a pair 
were produced by reciprocal plant-to-plant crosses, Also, maternal ef-
fects would be negl igible because of the close simi larity of the parents 
and the nearly identical micro-environments in which the seed was produced, 
For 180 1 vs, 2 paired comparisons in M14 (9 characters, 20 cyto-
plasms), three were significant at P < 0.01, 15 at P < 0,05, and 27 at 
P < 0,10, Two significant comparisons at P = 0.01 and nine at P = 0,05 
may be expected because of sampl ing error alone, The 15 paired compari-
sons for significant cytoplasmic effects (P < 0.05) were distributed as 
fol lows: one in each of 'Tablanci l lo', 'Palomero Toluqueno', 'Arrocil lo 
Amari l lo', 'Chapalote', and 'Cacahuancintle' ; two in each of 'Maiz Dulce', 
'Vandeno', and 'Jala'; and four in 'Zapalote Chico', In most instances, 
the significant difference between two cytoplasms was less than 5% of the 
value for the Corn Belt type; for yield, however, the exotic cytoplasms 
exceeded the Corn Belt cytoplasm by 6,3% and 7,0%, 
The B14 experiment had 200 1 vs. 2 paired comparisons (10 characters, 
20 cytoplasms) and six were significant at P < 0,01, 13 at P < 0.05, and 
26 at P < 0,10. Again, sampl ing errors may account for two significant 
comparisons at P = 0,01 and 10 at P = 0.05. The 13 significant cytoplasmic 
effects (P ~ 0,05) were distributed among the exotic cytoplasms as fol lows: 
one in each of Tablanci l lo, Palomero Toluqueno, Arroci l lo Amari l lo, Caca-
huancintle, 'Celaya', and 'Nal-Tel Amari l lo (Guat,)' ; two in 'Conico'; and 
five in Zapalote Chico, In 10 of these pairs, the difference was greater 
than 5% of the value for the Corn Belt cytoplasm. For yield per plant, the 
exotic cytoplasm yielded 15.2% less grain than the Corn Belt cytoplasm strain, 
Comparisons between the M14 and 614 studies show that the frequencies 
for significant 1 vs, 2 comparisons were simi lar. The M14 material had 
four characters in which Zapalote Chico and Corn Belt cytoplasms were dif-
ferent and 614 had five significant comparisons for this pair, Three 
characters were significant in both studies--plant height, ear height, and 
ear length--and the differences were in the same direction. In addition, 
the difference between Zapalote Chico and Corn Belt for tassel branch num-
ber was in the same direction in M14 and 614, but was significant in only 
614, One significant comparison of the Corn Belt cytoplasm with each of 
Tablanci l lo, Palomero Toluqueno, Arroci l lo Amari l lo, and Cacahuancintle 
was obtained for both M14 and B14, but the characters were not the same 
for the two inbreds in any of the pairs. 
Differences among the exotic cytoplasms were relatively large in 
several characters, The variation may have been caused by both cytoplasm 
and nuclear gene effects, The most feasible method to examine differences 
in cytoplasmic effects among the exotic cytoplasms would be by reciprocal 
crosses as was done in this study, 
Any significant differences in the comparisons of Corn Belt cytoplasm 
vs. the original inbred (2 vs. 3 in Tables 2 and 3) resulted because of 
incomplete recovery of the genes from the recurrent parent, The number of 
differences for 2 vs. 3 was 13 at P < 0,01 and 28 at P G 0.05 for M14, and 
11 at P ~ 0,01 and 30 at P < 0,05 for B14, This is further evidence that, 
in a backcross program, genes retained from the nonrecurrent parent may 
cause significant effects, even after five or six backcrosses, Effects due 
to failure to recover nuclear genes of the recurrent parent actual ly were 
greater than the exotic cytoplasmic effects. 
Differences in the comparisons of 1 vs. 3 (Tables 2 and 3) resulted 
from a cytoplasmic effect and a nuclear gene effect in those instances in 
which the recurrent parent genotype was not completely recovered by 
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backcrossing. Where either of these effects individual ly may have been 
too smal l to cause a significant difference, their effects may have been 
cumulative in some instances, thus giving a significant difference in a 
paired comparison. Or, the individual effects may have been of opposite 
sign so that the combined effect was less than either one alone. For the 
M14 material , there were 10 pairs in which 1 vs. 3 was significant (P < 
0.05), but neither 1 vs. 2 nor 2 vs. 3 was significant. Also, there were 
four comparisons in which both 1 vs. 2 and 2 vs. 3 were significant (P< 
0..05), but 1 vs. 3 was not significant. Similarly for B14, there were 
eight pairs in which 1 vs. 3 was significant, but neither 1 vs. 2 nor 
2 vs. 3 was significant, and three pairs in which both 1 vs. 2 and 2 vs. 
3 were significant, but 1 vs. 3 was not significant. 
Variation observed between M14 and B14 for cytoplasmic effects may 
have been caused by an interaction with environment or genotype. Crane 
and Nyquist (1967) observed that the frequency of significant cytoplasmic 
effects was greater in single experiments than when the comparisons were 
extended over locations and years. My data suggest, however, that Zapalote 
Chico may have some effects that are manifested in different genotypes. 
We are not able to predict to what extent cytoplasmic effects observed in 
inbred l ines would be expressed in singlecross hybrids. 
In most instances, the cytoplasmic effects were too small to warrant 
an extensive breeding program to incorporate some exotic cytoplasms into 
other Corn Belt maize stocks. In some comparisons, however, the differ-
ences between the exotic and Corn Belt cytoplasms were greater than 10%, 
and such examples may warrant further study. Probably before a breeder 
considers practical use of any exotic cytoplasms, extensive evaluation 
should be made to assure that none would incur a relationship such as we 
experienced between the Texas male steri le cytoplasm and the T strain of 
H, maydis.
REFERENCES 
Crane, P. L., and W. E. Nyquist. 1967. Effects of different gene-
cytoplasm systems on quantitative characters in reciprocal F2 
crosses of maize (Zea mays L.). Crop Science 7:376-378. 
Sprague, G. F., and J. H. McGahen. 1968. Influence of al ien cytoplasms 
on yields of grain in Zea mays L. Crop Science 8:163-164. 

Vol , 47, No. 2 
IOWA STATE JOURNAL OF RESEARCH 
November 1972 pp. 149-165 
CONTROLLED BURNING IN RELATIONSHIP 
TO BOBWHITE QUAIL POPULATIONS ON A SOUTHERN 
IOWA PUBLIC HUNTING AREP,~ 
Wi l l iam K. Seitz2 and Roger Q. Landers3
ABSTRACT. This paper reports the effects of control led burning on upland 
quai l habitat on a southern Iowa publ ic hunting area. The burning of 12 
experimental study plots, total ing 13 acres, was conducted on March 30, 31, 
and Apri l 5, 1971, Vegetation on the plots responded quickly, with smooth 
brome and bluegrass dominating growth unti l mid-May. Goldenrod, common 
ragweed, and sericea lespedeza then became prominent, fol lowed by prairie 
grasses and low shrubs in early June. 
Plant species composition, estimated percentage of basal area of l ive 
vegetation, estimated percentage of surface area of bare soi l and l itter, 
average height of vegetation, and average l itter depth were recorded on 
366 sample sites, each one square meter in area, during July and August 
1971. The number of species on the burn plots (9.6) and on the control 
areas (9.3) showed no statistical difference. Frequencies of occurrence 
were greater than 50% on the burned areas in two groups, Leguminosae and 
Compositae. Grasses dominated the vegetation on and off the burned areas 
in frequency of occurrence and basal area. An average 22-fold increase in 
percentage of bare-soi l surface area occurred in the burned plots as com-
pared with the controls. The burned plots showed a statistical ly greater 
bare-soi l surface area (F = 29.02, 1 and 22 df, P L 0.05). Nearly 100% 
reduction of l itter occurred on almost al l burned plots. Of the 2,881 
individual woody plants recorded by direct count and belt transect, 2,654 
(92%) were affected adversely by fire. 
The first recorded quai l activity on the burned study plots was May 
5, 35 days after the burning, The proportion of quai l sightings on the 
burned areas to those on control areas was 7 of 61 (11%) in May, 14 of 56 
(25%) i n June, g of 21 (43%) i n Ju 1 y, and 10 of 17 (59%) i n August. Re-
sults of Chi-square tests showed that the proportion of al l observations 
that occurred on burned plots increased significantly from May through 
August but particularly between May through June, A continued program of 
early spring burning on an experimental and demonstration plot basis is 
recommended for the Mount Ayr Game Management Area. 
INTRODUCTION 
Despite an increased interest in recent years on the use of fire as 
a tool in wi ldl ife habitat management, particularly on the bobwhite quai l 
1 Journal Paper No. J-7253 of the Iowa Agriculture and Home Economics Ex-
periment Station, Ames, Iowa. Project No. 1876. A contribution of the 
Iowa Cooperative Wi ldl ife Research Unit, financed jointly by the Iowa State 
Conservation Commission, Iowa State University, Bureau of Sport Fisheries 
and Wi ldl ife, and the Wi ldl ife Management Institute. 
2Graduate Assistant, Iowa State University, Ames, Iowa. 
3Professor, Department of Botany and Plant Pathology, Iowa State Univer-
sity, Ames, Iowa. 
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(Col inus virginianus), few studies on its use have been made in Iowa. The 
relationship of fire to bobwhite quail ecology in the southern states has 
been well documented (Stoddard 1931, 1933, 1936; Rosene 1954, 1955, 1969; 
Speake 1966). Iowa quail studies to date have included mainly production 
and mortal ity factors (Moorman 1942, Mangold 1950, Elder 1956), manage-
ment and behavior (Baker 1939, Saunders 1940, Kl imstra 1948 and 1949, 
Gooden 1952, Boehnke 1954), and habitat requirements and basic ecology 
(Errington and Hamerstrom 1936, Errington 1941). Even though Iowa has 
l ittle history of control led burning in relation to quail , fire has been 
used to manage native prairie vegetation (Aikman 1955, Ehrenreich and Aik-
man 1963, Wilson 1970), 
This paper reports on the effects of control led burning on upland 
quail habitat on a southern Iowa publ ic hunting area. One major objective 
of game management is to create and maintain patterns of plant succession 
appropriate to the species being managed (Grange 1949:235). In our study, 
fire was used as a management tool to obtain a successional stage favora-
ble to quail. 
METHODS 
The burning experiments were conducted on the Mount Ayr Game Mange-
ment Area, an 1,158-acre publ ic hunting area in Ringgold County, Iowa. 
The game area, only 8 miles from the Missouri state l ine, is in the region 
of Iowa's best quail range. Periods of field investigation were from June 
1 to Aug. 23, 1967, and March 8 to Sept. 3, 1971. 
After a prel iminary survey of various habitat types found in the study 
area, 12 rectangular plots, 2 through 13, ranging from 0.6 to 1.9 acres 
were selected for burning experiments. The area, dimensions, and location 
of each plot are l isted in Table 1. 
Table 1. Area, dimensions, and location of the 12 burn plots in Section 17, 
T.68N., R.30W., Mount Ayr Game Management Area, Iowa. 
Plot 
number 
Dimensions 
(feet) 
Area 
(acres) Location 
2 447 x 189 1.9 N~VE~-ZSE4SE; 
3 202 x 187 0.9 S ~VE~VE4SE4 
4 318 x 79 0.6 N~-~IVE~4NE;SW4 
5 240 x 115 0.6 E ZSE4SE~VW4 
6 270 x 111 0.7 NE 4SE~4NW 4SW; 
7 252 x 133 0.8 NE4SW4SE4SW4 
8 351 x 211 1.7 S~SW4SE4SW4 
9 340 x 151 1.2 NW4SE4SWaSW~-, 
10 324 x 174 1.3 NE4SW4SW4SE4 
11 197 x 150 0.7 SW4SW4SW4SE4 
12 324 x 196 1.5 W~-ZSW4SE4SE; 
13 262 x 173 1.1 SE~VW~VE~VW4 
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The burning of the 12 plots, total ing 13 acres, was conducted on 
March 30, 31, and Apri l 5, 1971. Back fires were used to obtain a slow, 
hot fire and to provide reasonable control over escape because of dry, 
windy conditions and large quantities of dead plant material. 
Fires were contained on the plots through the use of plowed and 
disked firebreaks approximately 8 ft wide. Two mowed strips were used 
as firebreaks on some plots where topography presented potential erosion 
problems. Equipment used during the actual burning consisted of two gas-
ol ine-powered sprayers with 400- and 200-gal capacities; two 5-gal , In-
dian-type, backpack pumpers; two rubber flappers; and a hoe. Personnel 
involved in the burning varied from three to five. Meteorological con-
ditions were measured by sl ing psychrometer (relative humidity), anemome-
ter (wind speed), and mercury thermometer (air temperature). 
In June 1971, vegetation on each burned plot was mapped by cover type. 
Relative percentages of each cover type on each plot were determined so 
that a stratified, random-sampl ing pattern could be used. Control areas 
immediately surrounding the burned plots were sampled for the purpose of 
comparing burned and unburned vegetation. Because the control areas were 
not cover-mapped in detail , sample sites were selected that seemed similar 
in cover type to a corresponding site on the burned areas. A sample level 
of 14 one-square-meter plots per acre was used on the burned plots, and a 
corresponding number was used on each adjacent control area. 
Species composition, estimated percentage of basal area of l ive vege-
tation, estimated percentage of surface area of bare soil and l itter, av-
erage height of vegetation, and average litter depth were recorded for each 
square-meter sample. Basal area was defined as the total stem area, in a 
compressed state, of the l iving vegetation at soil level. With the aid of 
two wire loops measuring approximately 10 cm2 (3.6 cm diameter) and 100 
cm2 (11.3 cm diameter), the stem basal area of each species was estimated 
up to 100 cm2 increments and 100 cm2 intervals from there on. If a species 
had a basal area less than 5 cm2, it was recorded as "trace." 
The height of al l species in the square-meter quadrat with at least 
10 cm2 basal area was recorded. Liter depth was determined by measuring 
the distance from bare soil to the top of deposited organic material at 
each corner of the square-meter quadrat and averaged. 
Al l stems of woody species on 8 of the 12 burned plots were counted. 
On those plots where high stem densities occurred, belt transects were 
used to secure an 11% sample of the plot (Oosting 1956:50). To determine 
the effect of fire on the survival of woody plant species, the growth con-
dition of each individual was determined before and after burning by using 
the fol lowing categories: (1) tree or shrub leafing normally, (2) main 
stem of the tree or shrub dead, individual with leafy shoots at the main 
stem base, or (3) tree or shrub dead, no leafy shoots present at the base 
of the stem. 
After the burning operations in late March and early April , particu-
lar effort was made to determine the extent of quail use of the burned 
areas. A 400-acre unit within the 1,158-acre game area was selected as 
an intensive quail study unit. Eleven of the 12 burn plots were located 
within the study unit, giving a burned:unburned acres ratio of 1:32. To 
evaluate responses of the quai l population to habitat changes brought a-
bout by control led burning, several qual ifying statements had to be made 
to correlate quai l sightings with search effort: (1) Only birds actually 
flushed during times of field work were counted in the total quai l sight-
ings on and off the burned areas; (2) Search time for burned areas was 
assumed proportional on an area basis to that of unburned areas; (3) Usu-
ally, but not always, search effort was constant throughout the field 
investigation. 
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RESULTS AND DISCUSSION 
The 12 experimental plots were burned on March 30, 31, and April 5, 
1971, during dayl ight hours. Al l burning was controlled with no major 
difficulties encountered during the 3-day operation. The organic material 
was very dry, crackl ing under foot, except in moist depressions and drain-
age ways on some plots. Meteorological conditions occurring at the time 
of burning are summarized in Table 2. 
Table 2. Summary of meteorological conditions occurring during the burning of 12 
study plots on March 30, 31, and April 5, 1971, on the 1,158-acre game area, 
Burn plot 
number 
Date 
burned 
Wind velocity (mph) 
and direction 
Air temp. (oC) Relative humidity (%) 
before/after before/after before/after 
2 3/30/71 5-SSW/ 4-SSW 22.2 / 20.0 27 / 31 
3 3/30/71 9-ssw/ 9-Ssw 23.9 / 23.9 21 / 21 
4 4/ 5/71 2-NE / 1-NE 5.0 / 6.7 24 / 36 
5 4/ 5/71 4-NNE/ 4-NW 8.3 / 7.8 3t / 39 
6 4/ 5/71 6-NNE/ 6-NNE 7,2 / 7,8 38 / 32 
7 3/31/7 1 16-SSE/13-s 23.9 / 20.0 31 / 28 
8 3/31/71 21-SSE/15-SSE 23.9 / 23.9 27/30 
9 4/ 5/71 6-N / 6-NE 8,3 / 7.8 31 / 32 
10 3/31/71 19-Sw /16-Sw 21.1 / 22.2 29/28 
11 3/31/71 1Q-SW /19-SW 22,2 / 23.9 29/30 
12 3/31/71 4-Ssw/ 5-sw 15.6 / 17.8 39 / 30 
13 4/ 5/71 5-NNE/ 5-NNE 7.2 / 7.2 31 / 31 
The vegetative components of the 12 rectangular plots were varied, yet 
all plots contained some native prairie grasses such as bigl and little 
bluestem, Indian grass, and other grasses such as timothy, redtop, panic 
grasses, and bluegrass. Sericea lespedeza and partridge pea were promi-
nent legumes. Composites were represented by asters, black-eyed Susan, 
common ragweed, goldenrod, and ironweed, Woody species such as multi -
flora rose, American elm, red-osier dogwood, wild plum, buckbrush, and 
blackberry were common on many plots. A detailed description of the major 
vegetative components of each study plot was recorded for future long-
range burning studies (Seitz 1972:135-146), 
The response of the vegetation after burning was followed until mid-
July. Vegetation on the burned plots responded quickly, with smooth brome 
and bluegrass dominating growth until mid-May. Goldenrod, common ragweed, 
and Sericea lespedeza then became prominent, fol lowed by prairie grasses 
and low shrubs in early June. By mid-June, adequate cover for roosting, 
nesting, and brood uti l ization prevailed on the burned plots. 
1See Appendix I for scientific names of plants, 
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The square-meter quadrat analysis of the 12 burned plots and their 
controls was conducted from mid-July to mid-August. A total of 366 sam-
ples, 182 on the burned areas, was taken during the 35-day analysis. 
A total of 107 different species was recorded on the 12 burned areas 
and their controls, and consisted of 99 species of the 12 control areas 
and g0 species on the 12 burned areas. Eighty-two species were common to 
both the burned and control areas. A complete l ist of plant species iden-
tified on the burned plots is recorded in Seitz (1972:130-132). 
The mean number of species per sample site for al l plots combined was 
g.6 on the burned areas and g.3 on the control areas (Table 3); this smal l 
difference, however, was not statistical ly significant (F = 0.14, 1 and 
22 df). 
Frequency of occurrence was recorded for each of the 107 plant species. 
Forty-five (42%) recorded species on burned areas had frequencies greater 
than 50%. Five species (5%) showed frequencies equal to 50%. Overall 
frequencies of occurrence for those species occurring more than 50 times 
are l isted in Table 4. The 107 plant species were arranged into four 
plant famil ies and one miscellaneous group (Table 5). The frequencies of 
the five classes, when tested by the Chi-square test for heterogeneity, 
were significantly different on the burned and control area (T2 = 17.8, 
4 df, P < 0.05). Frequencies of occurrence were greater than 50% on the 
burned areas in two groups, Leguminosae and Compositae. Results of further 
Chi-square tests indicated that much of the significant difference was 
attributed to these two groups (7l2 [Leguminosae and Compositae] = 13.2, 
1 df;T [Gramineae, Rosaceae, and Group 5] = 4.6, 1 df). 
Previous investigations have shown that controlled burning increases 
the number and variety of seeds avai lable and used by quai l (Moore 1957 
Speake 1966). Although our study did not investigate the quantitative as-
pects of quail food habits, some helpful insight into the effects of burn-
ing on native quai l foods can be gained by inspection of the habitat analy-
sis results. Grasses dominated the vegetation on and off the burned areas 
in frequency of occurrence (Table 5) and basal area (50% of total estimated 
basal area on burned plots, 47% on controls). Composites and legumes, two 
famil ies occurring more frequently on the burned areas than on controls, 
fol lowed in order of importance in both categories. Many of the native 
quail foods come from these two plant famil ies. 
One noticeable effect of burning was the response of common ragweed, 
an important quai l food (Table 4). In a late-fal l and early-winter food 
habits study in northern Missouri (Korschgen 1948), common ragweed ranked 
third (10.1% by volume) to corn (38.1%) and grain sorghum (26.3%) in 388 
quail crops col lected from hunters. Other studies have reported similar 
finds (Barbour 1951, Larimer 1960). 
The response of other native quai l foods was not great. Partridge pea 
is an important native quail food in the South where it responds readi ly 
to fire (Rosene 1969:301) as shown in Table 4; however, the frequency of 
partridge pea in our study was higher on the unburned areas. 
Average stem basal area on burned areas ranged from 0.6% of a square-
meter (60 cm2) on Burn Plot 2 to 2.4% on Burn Plot 12, and, on unburned 
areas, from 0.5% near Burn Plot 13 to 2.0% near Burn Plot 2 (Table 3). 
Total means of basal area on the burned and unburned areas showed no sig-
nificant difference (F = 0.20, 1 and 22 df). 
The relationship between frequency of occurrence and stem basal area 
is seen when al l species with a compressed stem area greater than or equal 
to 10 cm2 were classed in the five groups l isted in Table 5. The impor-
tance of the dominance of grasses on and off burned areas wi l l be discussed 
later. 
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Table 4, Frequency of occurrence of plant species recorded on the burn and 
control areas during the habitat analysis.a
Plant species 
Burn 
frequency 
Control 
frequency 
American elm 25 (48°~) 27 (52°6) 
Aster (2 spp.) 30 (42) 42 (58} 
Big bluestem 45 (52) 41 (48) 
Black-eyed susan 41 (55) 33 (45) 
Blackberry (2 spp.) 49 (49) 51 (51) 
Bluegrass 96 (43) 127 (57) 
Broom sedge 49 (51) 48 (49) 
Clover 58 (76) 18 (24) 
Common ragweed 157 (66) 80 (34) 
Flowering spurge 57 (46) 66 (54) 
Goldenrod (3 spp.) 106 (55) 85 (45) 
Hedge bindweed 37 (49) 39 (51) 
Horse nettle 40 (47) 45 (53) 
Panic grass (4 spp.) 83 (42) 94 (58) 
Partridge pea 68 (45) 84 {55) 
Prickly lettuce 39 (60) 26 (40) 
Redtop 87 (49) 92 (51) 
Sedge 30 (55) 25 (45) 
Sericea lespedeza 58 (47) 66 (53) 
Smooth brume 28 (51) 27 (49) 
Whorled milkweed 38 (66) 20 (34) 
Wild bergamont 43 (48) 47 (52) 
Wild strawberry 24 (44) 31 (56) 
Yarrow 45 (45) 54 (55) 
a0nly species occurring more than 50 times are l isted, see Seitz (1972:147-
148) for complete l isting. 
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Table 5. Frequencies of occurrence and basal area percentages for the 
combined plant species of the 12 burned plots and their con-
trols as classed in five major groups. 
Major group 
Number 
plant 
species 
Burn Control 
Frequency Basal area Frequency Basal area 
Gramineae 17 433 (46%) 50% 512 (54%) 47% 
Leguminosae 7 200 (52) 9 181 (48) 7 
Compositae 23 479 (55) 11 388 (45) 7 
Rosaceae 10 114 (47) 1 128 (53) 1 
Miscellaneous, 
(containing all 
other species) 
50 515 (50) 29a 511 (50) 15b
a Moss occupied 13% of the total. 
bMoss occupied 23% of the total. 
Average area of bare soi l varied from 1,1% on Burn Plot 4 to 47.3% on 
Burn Plot 3, and, on unburned areas, from 0.1% near Burn Plots 4 and 9 to 
2,6% near Burn Plot 6 (Table 3). An average 22-fold increase in the per-
centage of bare soil surface area occurred in the burned plots over the 
controls (Table 6), shown to be statistical ly different by analysis of 
variance test (F = 29.02, 1 and 22 df, P < 0,05). 
Average surface area of l itter ranged from 51.4% on Burn Plot 3 to 
97.6% on Burn Plot 4, and, on the control areas, from 96.0% near Burn 
Plot 2 to 99.3% near Burn Plots 4 and 9 (Table 3). The average decrease 
in l itter surface area in the burned plots over the controls was 22% 
(Table 6), A significantly lower percentage of surface area of l itter oc-
curred on burned areas than on control areas (F ~ 41.50, 1 and 22 df, 
P < 0.05) . 
Average l itter depth varied from zero on Burn Plots 2, 5, 6, and 7 to 
0,5 cm on Burn Plot 4, and, on unburned areas, from 2.2 cm near Burn Plot 
3 to 5.3 cm near Burn Plot 12 (Table 7). Average l itter depth on burned 
areas was significantly lower than that on control areas as determined by 
analysis of variance (F = 28.26, 1 and 22 df, P < 0.05). 
Throughout the 1971 growing season, the absence of thick, wiry, or 
deeply matted l itter on the burned areas was one of the most noticeable 
differences between them and the unburned areas. Nearly 100% reduction in 
l itter occurred on almost all burned plots (Table 6). Rosene (1955) found 
that quail prefer to walk on bare ground; any dead vegetation present must 
be thin. An adult quail leg is about 3.5 to 4,0 cm from the bottom of the 
foot to the proximal end of the tarsus, Leg length is even shorter on 
juvenile birds. Since the average l itter depths on the control areas were 
over 4,0 cm on 8 of the 12 plots, we suggest that the presence of unburned 
l itter hindered movement. 
As the growing season progressed, the lush, green plots were more con-
spicuous than the surrounding unburned vegetation. Due to the general ly 
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Table 6. Summary of percentage of l itter depth reduction, percentage of 
decrease in surface l itter area, and percentage of increase in 
bare soil surface area on the 12 burned plots. 
Percentage Percentage Percentage 
reduction decrease in increase in 
in litter surface area surface area 
Burn plot depth of litter of bare soi 1 
a 
2 97 11 613 
3 100 47 528 
4 87 2 945 
5 100 46 4,945 
6 100 33 9,219 
7 100 33 1,202 
8 98 21 4,747 
9 90 10 8,033 
10 98 10 1,706 
11 93 46 1,211 
12 90 26 4,127 
13 96 26 1,629 
Average 97 22 2,240 
aThe differences between the means of average l itter depths per sample 
site (Table 7) and estimated percentage of surface area of l itter and 
exposed soil per sample site (Table 3) were used to circulate the per-
centages. 
earl ier start of growth by many plant species on the burned areas, vegeta-
tion was consistently higher throughout the growing season in 8 of 12 plot 
comparisons (Table 7), Average vegetation height for all burned areas was 
67,8 cm, and for all control areas, 60,5 cm, 
Field studies during the summer months of 1967 indicated that many 
open slopes of upland quail habitat on the publ ic hunting area were being 
invaded by American elm, wild plum, multiflora rose, red-osier dogwood, 
and buckbrush, Stem densities ranged from 10 to 485 individuals per acre 
on low-density plots to as high as 4,370 individuals per acre on the high-
density stands. Because of this invasion of the open areas, effort was 
directed at determining the effects of the fire on the woody species, Of 
1,674 individuals of al l species recorded by direct-count method on 8 of 
the 12 burned plots, 186 (11%) were in normal growing condition, 810 (48%) 
had new leafy shoots at the base of a dead stem, and 688 (41%) were killed. 
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Table 7. Average l itter depths and vegetation heights per sample site 
for the 12 burned plots and their controls. 
Burn plot 
Average 
litter depth/ 
sample site (cm) 
Average 
vegetation height/ 
sample site (cm) 
Burn / Control Burn / Control 
2 0.1 / 3.18 75.7 / 71.6 
3 0 / 2.2 50.5 / 55.9 
4 0.5 / 3.8 62.9 / 65.3 
5 0 / 4.5 86.1 / 79.1 
6 0 / 3.6 95.0 / 76.9 
7 0 / 3.6 30.5 / 41.4 
8 0.1 / 5.0 81.6 / 65.6 
9 0.4 / 4.1 77.1 / 62.5 
10 0.1 / 4.0 46.7 / 50.3 
11 0.3 / 4.4 75.8 / 66.3 
12 0.3 / 5.3 68.8 / 52.9 
13 0.1 / 2.7 51.2 / 37.8 
Total 0.1 / 3.9 67.8 / 60.5 
Of 1,207 individuals of all species recorded by belt-transect techniques, 
41 (3%) were in normal growing condition, 1133 (94%) had new leafy shoots 
at the base of a dead stem, and 33 (3%) were ki l led. Of the 2,881 indi-
viduals recorded by both methods, 2,654 (92%) were affected adversely by 
fire. Although some sampl ing descrepancy might be involved, it appears 
that fewer individuals were killed in the high-density plots (33 or 3%) 
than in the low-density plots (688 or 41%). American elm, multiflora rose, 
eastern redcedar, dogwood, green ash, smooth sumac, buckbrush, wild plum, 
and boxelder were prevalent species in the area. Total numbers of indi-
viduals of these species and the relative percentage of stems in each 
growth condition are l isted in Table 8. 
Another facet of the investigation was the evaluation of quail popula-
tion responses to habitat changes brought about by controlled burning. The 
first recorded quail activity on the burned study plots was May 5, 35 days 
after burning. In the 123-day period from May 5 to Sept. 4, 3g observa-
tions of quail activity were obtained on the burned areas. Monthly totals 
of cock, hen, pair, and brood sightings on and off the burned areas are 
l isted in Table 9. 
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Totals of cock, hen, pair, brood, and birds of unknown sex on 
and off the burned areas for May, June, and August, 1971. 
Sightings 
Monthly Unknown 
period Cocks Hens Pairs Broods sex 
May On burn 5 0 1 0 1 
Off burn 14 2 4 0 17 
Totals 19 2 5 0 18 
June On burn 8 0 4 0 2 
Off burn 21 2 14 1 4 
Totals 29 2 18 1 6 
July On burn 3 2 4 0 2 
Off burn 3 0 14 1 4 
Totals 6 2 18 1 6 
August On burn 4 2 1 3 0 
Off burn 1 1 0 5 0 
Totals 5 3 1 8 0 
The proportion of quai l sightings on the burned areas to those on con-
trol areas was 7 of 61 (11%) in May, 14 of 56 (25%) in June, 9 of 21 (43%) 
in July, and 10 of 17 (59%) in August. The ratios of burned area sightings 
to unburned area sightings for May through August were tested by a Chi-
square test for independence in 2x2 contingency tables. The results are 
as follows: T  2 (May through August) 20.2, 3 f, P L 0.01;7.2 (May and 
June) = 5.0, 1 df, P < 0.01; 2 (June and July ) = 2.3, 1 df, ns; and T 2
(July and August) = 1.0, 1 df, ns. 
Results of the tests showed that the proportion of all observations on 
burned plots increased significantly from May through August, but particu-
larly in May and June. Although the proportion of observations on burned 
plots increased in July and August, sample sizes were half those in May 
and June. 
The first brood activity on the burned study plots was observed on 
July 12. The proportion of broods sighted on the burned areas to those on 
unburned areas increased from 2g% (2 of 7 sightings) in Juiy to 38% (3 of 
8 sightings) in August. A similar increase in the proportion of cocks and 
hens on the burned areas was noted in August (Fig. 1). 
The reasons for increased proportions of quai l sightings on burned 
areas are only speculative at this time. Stoddard (1931:406-414) found 
that the absence of l itter on recently burned ground made fallen seeds 
fully avai lable for the birds. Mats of tangled grasses prevented bob-
whites from utilizing any ground food available. Also, increased percen-
tages of bare ground as a result of burning offered all-important dusting 
areas for the quail. One thing evident after the burning was the signifi-
cant reduction of the deep, thick l itter levels to nearly zero. Surface 
area of l itter was reduced on all burned areas, and percentage of bare 
soil was greatly increased. 
The habitat analysis showed that grasses were relatively dense. 
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Figure 1. Proportions of cock, hen, pair, and brood sightings occurring on 
and off the experimental burn plots. The proportions are 
expressed as percentages of monthly totals. 
Although native grasses are not important to quai l as a source of food 
(Korschgen 1948), grasses are important for nesting. Of five nest located 
during the investigation, al l were in grass. In another Iowa quai l study, 
Kl imstra (1948) found 94% of al l nests constructed of, and located in, 
grass. No quai l nests were found on burned areas. The absence of nests 
on the first-year burn agrees with findings of other control led-burning 
studies (Stoddard 1931:22, Rosene 1968:64), These studies suggest that 
lack of suitable amounts of nesting material was responsible for the smal l 
numbers of nests located on first-year burns. 
When fire or human disturbance are excluded, southern Iowa quai l habi- 
tat fol lows natural successional development to forest, The grass-f orb 
areas develop, in time, into rank stands of trees and shrubs; as a result, 
quail habitat is lost. Present habitat management practices include spray-
ing the woody shrubs with herbicides in summer or cutting and clearing in 
winter, No methods exist for control l ing l itter accumulation because 
grazing or haying are not permitted on state-owned hunting areas. 
Iowa burning studies (Ehrenreich and Aikman 1963) have shown that, 
after three growing seasons fol lowing a burn, accumulated l itter was 85% 
of unburned areas. To maintain ground conditions suitable for quai l , 
areas must be burned periodical ly, It is uncertain whether the first-
year effects of burning on woody species wi l l be offset by large numbers 
of sprouts. Also uncertain is whether common ragweed wi l l continue to 
respond to burning in succeeding growing seasons, 
Despite the uncertainties, we feel that the favorable habitat changes 
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brought about by the burning and the favorable response shown by the pro-
portional increase in quail on burned areas were encouraging. A continued 
program of early spring burning on an experimental and demonstration-plot 
basis is recommended for the Mount Ayr Game Management Area. It is hoped 
that, through continued evaluation of the effects of annual burning, con-
trolled burning can become a ful ly understood and useful quail management 
practice. 
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APPENDIX I: LIST OF PLANT SPECIES 
Nomenclature based on Fernald (1950) 
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Common name 
American elm Ulmus americana 
Aster (2 spp.) Aster spp. 
Big bluestem Andropogon Berardi 
Black-eyed Susan Rudbeckia hirta 
Blackberry (2 spp.) Rubus spp. 
Bluegrass Poa pratensis 
Boxelder Acer negundo 
Broom sedge Andropogon virginicus 
Buckbrush Symphoricarpos orbiculatus 
Clover Trifol ium sp. 
Common ragweed Ambrosia artemisi ifol ia 
Corn Zea mays 
Eastern redcedar Juniperus virginiana 
Flowering spurge Euphorbia corollata 
Goldenrod (3 spp.) Sol idago spp. 
Grain sorghum Sorgum vulgare 
Green ash Fraxinus pennsylvanica 
Hedge bindweed Convolvulus sepium 
Horse nettle Solanum carolinense 
Indian grass Sorqhastrum nutans 
Ironweed Vernonia baldwini 
Little bluestem Andropogon scoparius 
Multiflora rose Rosa multiflora 
Panic grass (4 spp.) Panicum spp. 
Partridge pea Cassia fasciculata 
Prickly lettuce Lactuca scariola 
Red-osier dogwood Cornus stolonifera 
Redtop Agrostis albs 
Sedge Carex spp. 
Sericea lespedeza Lespedeza cuneata 
Smooth brume Bromus inermis 
Smooth sumac Rhus glabra 
Timothy Phleum pratense 
Wild bergamont Monarda fistulosa 
Wild plum Prunus americana 
Wild strawberry Fragaria virginiana 
Yarrow Achilles miltefol ium 

